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FEEDING EXPERIMENTS AT KAHNAL, 
1925-26 and 1926-27 


BY 

• F. J. WARTH, M. Sc., 

Physiological Ghemist, Imperial Department of Agriculture 

ANU 

F. J. GOSSIP 

Lately, Superintendent, Imperial Cattle Breeding Farm, Karnal. 

(Received for publieation on 22ud -February 1928.) 

Object of expeeimeot. 

To study the winter rationing of cakes in the Punjab. The scheme of work 
was prepared by the Nutrition Section. The Feeding tests were carried out by the 
Superintendent, Imperial Cattle Breeding Farm, Karnal, and the data were dealt 
with by the Nutrition Section. 

Procedure. 

During the first season the enquiry was confined to a comparison of coarse fodders. 
Wheat straw, Sorghum hay, .Rice straw and Dliub hay were tested. Each of these 
roughages was fed as the sole coarse fodder to a group of five cakes. The fodder 
was provided ad lib and the daily consumption by each animal was determined. 
All the animals received the same amount of concentrate, two lb. each daily. The 
animals were weighed daily. A full record of food consumption and live weight 
increase was obtained for a period of 14 weeks. At the end of the test, digestion 
experiments were carried out with a number of selected animals. 

During the second season both roughage and concentrate rationing were studied. 
The work was confined to three roughages, namely, wheat straw, sorghum hay and 
rice straw. Sixteen cakes were fed on each of these roughages. As usual, the fodder 
was provided ad lib and the daily consumption by each animal was determined. The 
concentrate rationing test was carried out as follows. Each group of sixteen calves 
was divided into two sub-groups of eighth One group received a high allowance, 
the other group a low allowance of concentrate. There were thus 3 roughages and 
each was tested with a high and low concentrate allowance. The concentarates 
during this season were fed in proportion to the live weights of the animals. The 


2 


FEEDING EXPEBrlMENTS AT KABNAL 


groups receiving a low allowance were fed 1 lb. concentrate per 100 lb. live weight. 
The high concentrate allowance was given at the rate of 1*6 lb. per 100 lb. live 
weight. The concentrate allowance was adjusted periodically for each animal as 
it increased in live weight. Full records of food consumption and live weight in- 
crease for a period of 12 w'eeks were obtained. At the end of the test, digestion ex- 
periments were carried out with a number of selected animals. 

Experimental Results, 1926-26. 

Table I shows the group average fodder consumption. 

Table I, 


Weekly fodder consumption^ 1925-26. 



Ih lb. h kab per week 


Wheat straw 

Sorghum hay 

Rico straw 

Dhnb hay 

38*05 

46*05 

40*86 

35*57 

36-87 

40*03 

40-12 

! 36-88 

1 , 

4l)*07 

36-06 

41-20 

3S-00 

44-58 

37*30 

42-45 

i 36*86 

38-90 

40-05 

46-11 

35*05 

36*80 

42-06 

54-00 

4M6 

30-20 

4i-06 

49-00 

42-10 

47-90 

40-06 

52*96 

38-96 

48-60 

3T46 

55-17 

43-80 

48-35 

42-86 i 

52-16 

41*75 

37-17 

42-19 

53*42 

42-93 

37-20 

42-65 

57*00 

47-40 

36-00 

41-00 

55 '65 

46-05 

31-90 

42-00 

52*15 

43*95 

Average 40-61 

40-76 / 

49-87 j 

40-63 


Ev^y figure in this table is the average of 7 consecutive days’ determinations 
with 6 animals. The figures show that marked changes in consumption occur from 
week to week with all the fodders. There is no evidence that these variations are 
due to climatic influences, because the incidence of the maxima for the different 
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fodders do not coincide. The striking fact brought out by the figures is that the 
rice straw group ate much more than any of the others. 


Table II. 

The weekly group average live voeights. 


TABLE II (/;) 


Wekkly averages nv lb. per head 1925-26 


Weekly changes in live weight 1925-26, 


Rice 

straw 


Wheat 

straw 


Wheat 

straw 


Dhnh 

hav 


Rice 

straw 


Every figure in this table is the average of 7 weighings of 5 animals and repre * 
sents 35 determinations. There are some sharp fluctuations in these figures also. 
Table II (&) shows these fluctuations more strikingly. By comparing Tables I and 
II it will be noticed that all sharp changes in live weight are assoicated with corre- 
sponding changes in food consumption. The experiment showed that of the fodders 
tested rice straw was most greedily consumed and produced the highest live weight 
increase. The result is of considerable economic significance, for the local belief 
is that wheat straw is superior to rice straw and it has consequently a higher market 
value. On the strength of these results the Karnal Farm has already effected consi- 
derable economies in rationing by using rice straw instead of wheat straw. The 
results obtained with Dhuh hay are surprisingly poor. It was confidently expected 
that hay would give better results than straw. Unfortunately, further tests could 
not be undertaken at the time and we are not prepared to make a definite statement 
on the results of this single test. 

The fluctuations in live weight and food consumption already referred to are 
illustrated in the accompanying Chart 1 in which data of Tables I and 11 are 
plotted graphically. The violent changes in roughage consumption which this 
Chart shows must be considered an unsatisfactory feature of the test. If) is not 
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Fodder 

Consumptmn inh 

Ih.per weeh 

69 fi£ 6 it 

«jy © O 


Weight th. 


(ftSGT) I iHriia 
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right that animals should go up and down to such an extent in consumption of fodder. 
The Nutrition Section has met with other cases of a similar nature which hate been 
a discouragement. To realise the importance of this point, one has only to CGnsider 
how much more profitable the feeding would have been if the highest consumption 
could have been maintained. Further experiments shed some light on this question. 
The point will be dealt with later. Here it is sufficient to notice the extent of 
fluctuation which may occur under such conditions of rationing. The following 
Table sunoLmarises the results obtained in 1925-26, 

Table in. 

Swmmmj of the tests of 1925-26. 


Average consumption in ub. peb head peb week 


Group 

Roughage 

Concentrate 

Total : 

Live weight 
increase in 91 
days 

Wheat straw .... 

40-61 

14-00 

. ■ 54-61 ■ ■■■' 

46 

Sorghum hay .... 

40-7a 

14-00 

:■ 54-75 

51 

Rice straw 

49-87 

14-00 

03-87 

58;' "■■■ 


Espehiment Results, 1926-27. 

Table IV shows the food consumption and live weights on the high concentrate 
rations. 

Table IV. 


High concentrate rationing 1926-27. 


Roughage consumption* , 

Concentrate consumption * 

j Live weights 

Wheat 

Sorghum 

Rice 

Wheat 

Sorghum 

Rice 

Wheat 

Sorghum 

Rice 

straw 

hay 

straw 

straw 

hay i 

straw 

straw 

1 

hay 

straw 

GTrouj) 

Group 

Grouji 

Group 

Group 

Group 

Grou]> 

Group 

Group 

2(5-60 

31-33 

33-16 

22-97 

22-88 

■ 24-72 

233 

235 

tii 

26-01 

35-14 

34-56 

24-38 

24-56 

' 25-75 

246 

24S 

2m 

26-61 

34-69 

37*11 

26-01 

26-25 

! 26-38 

2,56 

259 

264 

27-35 

33-22 

.'■35-41 

26-59 

26-02 

i 27*44 

257 

264 

269 

27-12 

34-60 

32-56' 

27-09 

27-44 

27-92 

250 

268 

275 

28-36 

34-21 

31-64 

27-OS 

27-73 

28-54 

206 


284 

26-75 

30-44 

■■ ..412-49 

27-60 

28-89 

! 29-52 

272 

iiiiiiirwB 

291 

27-61 

31-90 

''32-61" 

28-39 

29-54 

j 30-19 

278 

288 

299 

30-32 

■■■■' '32-87 : 

35-01 

29*04 

30-02 

: 31-17 

289 

298 ■■" 

308 

31-03 

35-65' 

37-64 

29-60 

30-83 

j 31-99 

294 

305 

319 


|b. per head per week. 
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High concentrate rationing 19:i()"27 — contd. 


Roue JIAO E CON S rMPTION**' 

COXCBKTEATE CONSUMPTION**' 

Lrv33 wEioHrs 


Wheat 

Sorqlmni : 

j 

Bice 

Wheat , 

Sorghum 

Bice 

Wiuuit 


Bice 

straw 

hay 

straw 

straw i 

i 

■ 

hay 

straw 

straw 

bay 

straw 

Group 

Group 

Group 

Group 

Group 

Group 

G roup 

Group 

Group 

33-(i2 

34-64 

30-52 

31-83 

32-81 

302 

313 

328 

20*67 

34-40 

34*44 

31-34 

32-49 i 

34-12 

308 

317 

333 

Sl-72 

33-45 

35-61 

32-15 

32-31 : 

34-78 : 

318 

326 

345 

29*02 

36-03 

33-88 

32-86 

33-05 ! 

35-61 ' 


. . 

. . 

28-15 

34-74 

36-81 

33-46 I 

33-93 ! 

36-10 

: ■ ] 


•• 


Averasro 

2S43 

33-80 

34-50, j 

28-61 

20-24 

30-47 

276 

281 

294 


* lb. por Ivv'ad per Week. 


In tHs table each figure is the average of 7 consecutive <lays' weighments with 8 
animals and represents 56 separate determinations. It will be noticed that sorghum 
was eaten quite as well as rice straw in this test. The low concentrate rationing 
figures to be considered later conJfirm this result. The fact is that the sorghum used 
during the first season was somewhat below average quality. The results obtained 
in the second season are probably more typical for average quality sorghum. It 
is interesting to observe that the fluctuations in consumption of fodder are not serious 
in this test. The following table summarises the results obtained with high con- 
centrate rationing. 


■ ■ Table' ¥. 

Smmrmry of high concentrate test. 


Group 

Average 

roughag<5 

coasinnptiou 

■ ■ ■ ■ 1 

Average 

eoiu-eiitrate 

eousumption 

Total 

eonsumptiuti 

Live weight 
increase iii 84 
days 

W.li'0at straw , ■ . . ■ . ■ . 

28-43 

28-61 

57-Ot 

85 ■ ■ 

Sorghum hay .... 

33-80 

29-24 

ta-w 

i 

1 91 

Rice straw .... 

34*50 

' 30-47 

64-97 

102 


Highest consumption and greatest increase were obtained with lice straw. 
Sorghum consumption is not far behind. Wheat straw is definitely below the others. 

Table VI shows the food consumption and live weight hicrease on the low con- 
centrate allowance. Each figure in this table represents 56 separate determinations. 
In this experiment the sorghum group has definitely surpassed the rice straw group 
though the difference is slight. To show the extent of the fluctuations week by 
week the figures of this table are given in graphic form in Chart IL The chart shows 
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that fodder consumption was remarkably uniform. The contrast between Charts 
I and 11 in this respect should be noted. There is no doubt that serious fluctuations 
have been avoided in the second season’s tests. The chart shows that sorghum and 
rice straw were well relished and produced rapid increase in live weight. The 
eousmnption of wheat straw was far below’ the other fodders. It also produced 
slower increase in live weight. The data for low concentrate feeding are summarised 
in Table VII. 

Table VI. 

L(nv concentrate rafdordng 1926-27, 


Bouchace conscmption 


Wheat- 

Sorghum 

Rice 

straw 

hay 

straw 

(a roup 

Group 

Group 

284*4 

37!H! 

50-41 

20-sr 

40*49 

30-42 

50*21 

41*98 

40-50 

29*02 

41*82 

38-99 

27-04 

42’tSO 

30*94 

29-08 

59-28 

37-15 

29*91 

40* 5o 

37-01 

29*85 

59-48 

37-92 

29- li 

40-28 

1 ■ 38-85 ^ 

50*52 

40-88 

I 40-r4 

29- Hi 

40* 15 

i 59*S(i 

28*48 

59-75 

i 37*81 

50*09 

42-52 

30*or> 

29-02 

41-14 

40*78 

2i>*i5 

42-01 

44*40 


40-79 

38*85;; 

29- 10 




^ Goscent’Bate consumption 

Wlieafc 

Sorghum 

Rice 

straw 

iuiy 

straw 

Group 

Group 

Group 

15-75. 

10*19 

Ui-Oi 

16-59 

17-50 

16-90 

10-85 

18-26 

17-80 

17-18 

18-81 

i8-0t» 

17-29 

19-16 

lS-59 

18-01 

19-25 

K8-61 

1 7 -50 

19-58 

18-71 

17-01 

20-02 

19-14 

■■■ 17-82' 

20-55 

19-50 

17-82 1 

20*90 

19-80 

18-10 

21-55 

21-52 

19-01 

22- U 

22-26 

18-87 

22*22 

22*42 

19-54 

22-78 

22-94 

19-40 

22-78 

22*99 

n-8i 

20* iO 

19-70 


Live wbwhts 


Wlieat, 

straw 


Group 
' 22S 
240 
247 
247 
247 
2.711 
251 
255 
257 
200 
202 
2*15 
207 


24H 


Sorghum- 

hay 


Group 

251 
200 
2417 
272 
277 

252 
287 
295 
501 

509 

510 
5i9 
529 


290 


Rice 

straw 


Group 
242 
255 
2ii0 
202 
. 2iU 
208 
274' 
278 
285 
292' 
299 
501 
508 


275 


Table VII. 

Sunmiarg of residts with hw concentrate feeding. 


AvKKAUK WKEKhy I’ONOOMmCW 


Group 

Rouj^hage 

CoriLHsutrate 

1 Total 

Live weight 
increase in 84 
days 

Wlicai straw 


* 

29-16 

17-8! 

40-97 

59 

Borgknm hay 


- 

40*79 

20*10 

00-S9 i 

78 

Rice straw 


* 

58*85 

19-70 

ir.>8"».>5 

! 

00 
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Eate of growth m eelatioh to size. 

On examining the live weight figures more closely, it is found that the increase 
is not simply related to the nature of the ration but depends also to some extent 
upon the size of the animal. To study this point, the animals have to be redis- 
tributed into new groups, each of which contains an equal number of representatives 
of the three different fodders. Taking first the experiments with the higher rate of 
concentrate feeding, the two animals having the lowest average live weight amongst 
the wheat straw eaters, the sorghum eaters and the rice straw eaters have been 
selected to form a new group of animals of minimum live weight. In this group all 
the fodders are equally represented and the only characteristic of the group is that 
it represents the smallest animals. From the remaining animals again the two 
lightest have been taken out of each group to form a new group. Proceeding in 
this way all the animals which were in the high concentrate feeding test have been 
arranged in four new groups of increasing live weight. Exactly the same procedure 
has been applied to the animals in the low concentrate feeding test. They have 
also been divided into four new groups of increasing live weight. It must be clearly 
understood that these new groups all contain an equal number of representatives of 
each fodder. The results are therefore altogether uninfluenced by any difference 
that there might be in the three fodders and show us simply the effect of size upon 
food consumption and growth. The data obtained in this way are shown in Table 
VIII. 

Table VIII. 


Food consumption and growth in relation to size. 
A. High concentra.te test. 



Foot) CONSUMPTION PER 1 00 
LB. LIVE WEIGHT 


Actltal rood consumption 

PER HEAD 


Live 

■weight 

Increase 


Average 
Group live 
weight 


Hough 

age 


Coneen- Rough 

trafcc age 


Coneen' 

tratc 


Total 


Total 


522 I 520 I 1,051 
B. Low concentrate test. 


222-6 I 329-1 
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(Each figure in these tables is the average obtained from the daily food consump- 
tion of 6 animals for 12 weeks). 

It should be observed that there is nothing remarkable in the regularity with 
which concentrate is consumed. Concentrate was fed accurately in proportion to 
live weight, one lot receiving 1*5 lb. the other lot 1*0 lb. per 100 lb. live weight. 
The figures for concentrate consumption merely show that the proposed rationing 
was accurately adhered to during the test of 84 days. There is however a remarkable 
regularity in the consiunption of roughage by the animals in Table A. This regu- 
larity which may almost be called astonishing is rmdoubtedly due mainly to the 
high rate of concentrate feeding. About half the food consisted of easily digested 
concentrate accm^ately rationed out. There was little room left for violent fluctua- 
tions. Nevertheless the regularity in roughage consumption is striking and seems to 
have a real significance. Table A brings out the following facts : 

1. Concentrate consiunption is praeticallj' constant per 100 lb. live weight 

for all four groups. This was artificially brought about by feeding 
concentrate in proportion to live weight. 

2. The roughage consumption per 100 Ib. live weight shows a small but 

very regular decline with increasing live weight. 

3. A consequence of this decline in roughage is that we have a regular decline 

in total food consumed per 100 lb. live weight with increasing live 
weight. 

4. It seems to be a fact that on the rationing principle employed in these 

tests the rate of growth increases with increasing live weight. 

The last point is easy to understand if we consider the case of animals weighing 
100 lb. and 200 lb. respectively. If the ration for 100 Ib. live weight provides 
a margin for growth, then an animal double the size receiving double the ration w'ould 
have about double the margin for growth. In fact, the rationing procedure becomes 
more generous as the animal increases in live weight. These theoretical consider- 
ations are borne out in two ways by the results of Table A. 

1. Tbe larger animals definitely show a greater rate of growth. 

2. The smaller animals eat relatively more roughagt! (though normally they 

should eat relatively less) than the larger animals, showing thereby 
that they need more food. 'I’he larger animals, ivhich have a better 
capacity for roughage, on the other hand eat hiss l)ecause they have 
ample nourishment from the ooncentrate. 

The results of Table B are much less regular, probably because the accurately 
rationed concentrate formed a smaller proportion of the total food thereby leaving 
more room for fluctuations. But the results of this table, in spite of irregularities, 
do confirm in a general manner the conclusions arrived at above. For example, 
the smallest group made least live weight increase and consumed proportionately 
most roughage. It is perhaps desirable to st ate hero that concentrate rationing in 
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proportion to live weight is a device adopted by the Nutrition Section^^^fo^ experi- 
mental purposes only. It is not recommended in practice, but the results which it 
has yielded in these experiments are of direct practical use. 


Pood consumption and growth in relation to the nature of the rationing . 

The figures relating to food consumption and growth are summarised for reference 
in Table IX. ' 

Table IX. 


Summary of food consum.'ption data from three feeding tests. 





Average WEEKX.y consxtmp- 

TIOX IN IB. PER HEAD 

Group 

average 

live 

weight 

Actual 

live 


Group 


Rough- 

age 

Concen- 

trate 

Total 

weight 
increase 
in 100 days 

1925-26 Test . 

Wheat straw . 


40-60 

14-00 

54-61 

292 

51 


Sorffhum hay 


40-75 

14-00 

54*75 

295 

57 


Rice straw 


49-87 

14-00 

63-87 

301 ; 

64 

1926-27 Test , 

Wheat straw . 


29-16 

17*81 

46-07 

247 

46 


Sorghum hay 


40-79 

20*10 

60-89 

290 

! , 92, 


! Rice straw 


38-85 

19*70 

58-55 

275 

78 

1926-27 High 
Concentrate 

Wlieat staw . 


28-43 

1 

28*61 

57*04 

276 

101 

Test 

Sorghum hay 

• 

33-80 

29*24 

63*04 

281 

108 


Rice straw 

• 

34*50 

30-47 

64*97 

294 

122 


Owing to unavoidable initial differences in live weight and to differences produced 
by unequal rates of growth under the various rationing methods, there are consider- 
able differences in the average live weights of the groups which have to be compared. 
As food consumption is proportional to live weight (other things being equal), the 
figures for consumption cannot be compared directly. They must be computed to 
refer to a uniform live weight and the average live weight of all the groups, namely 
28S lb., has been selected as the basis. Calculated to this standard there is a 
minimum of alteration in the figures. It is perhaps necessary to emphasise here 
that this calculation to a common standard is a perfectly legitimate and reliable 
procedure, which is generally warranted and, in the present instance, is also com- 
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pleteiy justified by tlie data in Table VIII. The consumption converted to a common 
standard is given in Table X. ^ 

Table X* 


Oomqnited eonsimvptionfof an miimal of average live weight {283 lb.) 




j Average W5i,EKLV ('o,\suMrTioN in 

j LB. j\ER H EAD 


Cl rou [> 

lioughage 

( rate 

Total 

iU25-26 Lst 

WlH‘at sti'jiw 

:m)21 

13-57 

52-84 


Sotyh>ifti hay 


13-43 

52-52 


Khf.slnnv . 

4h*Sll 

t3-ir> 

fU>05 

ie2ti"27 Low concentruto 2iul 

Wheat straw 

s:h4i 

2()-4i 

i ' ' "" ' ' 

i 53-82 

Te«t. 

Srnyhim fiay 

39‘Si 

lu-m 

59-42 


Rieo straw . 

39-US 

20*27 

: 60-25 

High ccaceatmte Srd Test 

Wheat straw 

29-15 

! 29-34 

58-49 


A%vykiO/i hay 

?AAU 

20-45 

63-49 


Riee straw^ . 


20-33 

62-54 


The figures in this Table are a true expression of the feeding results. They show 
a number of interesting facts. The first point to note is that there was a regular 
gradation of concentrate used in the. tliree tests. The proportion was lowest in the 
1st test. The second test provided more and the third test very much more. 
Secondly, it has to be note<l that roughage <*.onsuin[>tion <!efTe^ases an the co!)c*entrate 
is increased. This holds good for any one roughage. The 2nd test with migham 
does not quite fall in, line with, the ot]u?r tests, JxfcaiiHe there is no drop between the 
1st and 2nd tests. The fault, however, does not lie in the 2!id test, but in thd 1st. 
It has already been mentioned that the sorgham^ used in the 1st season was of poor 
quality. It is seen now that the mrghum consumption was too low in this test. 
In fact, the table confirms what has already beeii said about the quality of the sor- 
ghum, Thirdly, it has to be noted that altdioiigh the roughage eomsumption de- 
creases, the total food coiismnption increases steadily with increasing concentrate. 
I^ouxthly, comparing the different fodders it is seen that sorghum and rice straw 
give almost identical results in the 2nd and 3rd tests. It may be concluded that 
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tliese fodders arc approximately equally well consumed. Wheat straw is clearly 
less liked. Naturally, with wheat straw as with the other fodders there is a steady 
increase of total food consumption as the concentrate is increased, but it is always 
well below the rice straw figures, although as might be expected the difference be- 
tween the good and bad fodders becomes less marked as the proportion of concen- 
trate is increased. From a practical feeder’s point of view, the actual proportions 
of concentrate and roughage consumed under the three test conditions are of great 
interest. 

Live tveight increase. With regard to food consumption the results of these 
tests are perfectly clear and definite. It is more difficult to decide on the relative 
productive values of the rations. In the first place the actual live weight increases 
observed can only be considered approximate values, because the increases were 
small in most cases. Secondly, a more serious difficulty arises out of the fact noted 
earlier, namely, that the rate of increase is materially influenced by the live weight 
of the animal under test. There were considerable differences in the live weights of 
the groups tested and we have no very reliable means by which allowances can be 
made for these variations in live weight. The rcisults of Table VIII are our only 
guide in this matter. Taking all the available facts and figures into consideration, 
the following statement seems permissible. 

1. The first test gave the smallest 'nerease with all 3 fodders. On this ration 

wheat straw and rice straw appear to yield about 50 and 60 lb, live 
weight increase respectively. 

2. The second ration gives higher rates of increase. Wheat straw may yield 

65 lb., rice straw and 80 to 86 lb. 

3. The high concentrate ration produces an increase of over 100 lb. in all 

cases. W'heat straw probably gives slightly lo'wer results than the 
other fodders. All these live weight increases refer to a period of 
100 days and to animals of 283 ib. average live weight. 


DiGESTIOH ExFEEmBNTS. 

1 . Digestion of rice straw rations* 

Digestion experiments w^ere carried out with a few animals during each season. 
The most complete tests wrere made with rice straw and these will be considered 
first. The ration of 1925-26 was tested with 2 animals. The two rations of 1926-27 
were each tested with three animals. The results are shown in the accompany- 
ing table. 


B 


Tablk XL 



























W. .T. WARTH AND F. GOSSIP 


15 


The data relating to food consmnxition have an important bearing on the diges- 
tion results and must be considered first. In each test concentrate was fed in 
definite amounts according to the schedule applicable to the test. All variations 
in total food consumption are therefore due to differences in roughage consumption. 
Calves 2 and 3 ate proportionately much more roughage dining the test than was 
generally consumed by animals in these groups. Their rations during the digestion 
experiment contained relatively less concentrate and consequently also less 
jirotein and the R./C. ratios are abnormally high. The total food consumption per 
100 lb. live weight is high for the same reason. Calf No. 8 ate less roughage dining 
the digestion experiment than it should have done. In this case the proportion 
of concentrate is abnormally high, the per cent, of protein is high and the total 
food consumption is abnormally low. It will be seen that these circumstances 
have had an appreciable effect on the digestion results. 

Digestion of protein. The concentrate fed in 1926 differed somewhat from the 
concentrate fed in 1927. Therefore the digestibility of protein during the 2 seasons 
is not strictly comparable. The figures show in fact that the digestibility Avas some- 
what lower in 1920, It is more important to note that protein digestion varies with 
the percentage of protein in the food. Within each group the digestibility is higher 
when the percentage is higher. The relevant figures shown in the table make it 
clear that the higher digestibility is associated with a higher proportion of concentrate 
in the ration. The variations in protein digestion in all these tests are perfectly 
regular and are accounted for quite satisfactorily by the explanation given above. 
So far the digestion results must be considered highly satisfactory. 

Digestion of dry matter and organic matter . There are variations in the digestion 
of organic matter and dry matter in each grouj). It will be noticed that these 
variations also run parallel with the j)roportioii of concentrate in the ration, and are 
therefore satisfactorily accounted for. It must be admitted that we have been 
fortunate in these rice straw tests. The animals have behaved in a remarkably 
uniform manner as regards digestion although they were far from uniform in the 
consumption of roughage. 

Digestion of carbohydrates. It is very interesting to notice that the average 
digestion of carbohydrates by the three groups is almost identical. It is true that 
the bulk of the ration (or the proportion of protein) has an appreciable effect, the 
digestion being distinctly less when the protein content of the ration is low, but the 
difference is not great and no serious error would result if the same coefficient were 
used for all the rations provided that the animal concerned was not eating abnormally. 
It will be noticed that the digestion of carbohydrate only departs appreciably from 
the normal when the animal is eating very abnormally, for example, when the 
consumption of roughage becomes exceptionally high (R/C 2*66 in 1st test, R/0 
2-70 in 2nd test) or exceptionally low (R/C *87 in the 3rd test). The variations 
in these three instances are in the expected direction. The remaining figures are 
almost identical These results show clearly that carbohydrate digestion remains 
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coDstsiDt uiider tlie tlccee very different conditions of rationing tested. Only in 
extreme variations in roughage consumption is the digestion of carbohydrate appre- 
ciably affected. This is an important result. 

2. Digestion of Sorghum rations. 

Only two tests were made with this ration. The high concentrate group was not 
tested. The results are shown in the accompanying table. 



Average , • , , * 2216 1226 3442 1-81 * I 68-4 61*6 62*5 
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It is necessary to lay special stress on the relatioiisliip between the per cent, of 
protein in the food and its digestibility. The relationship observed in the case of 
rice straw holds good without exception in these sorghum results. In other respects 
too the points noted in the rice straw tests are seen in the sorghum, figures. The 
food consumption, the per cent, of protein in the ration and the R/C ratios show' the 
anticipated effects on digestion wdth the same regularity. One result in this 
table is not so satisfactory how'ever. The digestion of protein and carbohydrate 
by Calf hTo. 2 is abnormally low^ The variation is in the right direction. That 
is to say, with a low proportion of concentrate, low percentage of protein, high rate 
of food consumption and high R/C ratio, we do expect (judging from the rice straw 
results) a drop in digestibility of both protein and carbohydrates, but the drop is 
greater than anticipated. Owing to this one abnormal figme, the carbohydrate 
digestion of the sorghimi rations is not quite certain. Taking all the results toge- 
ther, it must be concluded that the digestibilities of the rice straw and sorghum 
rations are so nearly identical in every respect that they cannot be distiiiguislied 
from one another. This is a definite and important piece of information, 

3. Digestion of w straiv rations* 

In contrast to the results with rice straw and Sorghum which are remarkably 
regular and convincing the data obtained with wheat straw are w-oithless. In 1926 
the carbohydrate digestion was found to be 59*0 per cent, and 56*6 per cent, wdth the 
two calves tested. These figures might give us a rough estimate, but they cannot be 
relied on because the low result was obtained W'here the proportion of concentrate 
was high. The protein digestion figures 55*7 per cent, and 57-7 per cent, however 
vary in accordance with the percentage of protein in the two rations. The results 
obtained in 1927 with three calves are worse. The carbohydrate digestion figures 
w^'ere 55*1 per cent., 58*2 per cent, and 60*3 per cent, and these variations bear no 
relation to the R/C ratios. In this test even the protein digestion is irregular. The 
factthat theseirrcgularities occurred two years in succession with wheat straw while, 
inkier identicfiTdonditions, sorghum SLiid rice straw* gave concordant results seems 
significant. It has to be borne in mind that the calves on the w'heat straw rations 
w^er^ , hot malang: good live weight gains. They w^ere not in a thrifty state and 
digestion may have been irregular on that accomit. 

Observations on the digestion of cnule pvtein nitrogen in the rice strmo rations* 

The six animals of the rice straw groups of 1927 consumed rations which consisted 
of the same materials, namely, rice straw with a low percentage of nitrogen and 
concentrate with a high percentage of nitrogen but the proportions of strawr and 
concentrate differed with the different animals. The type of ration consumed ])y 
each animal is most accurately defined by the nitrogen percentage, because this 
figure is actually an expression for the proportion of roughage and concentrate in 
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ne digestion experiments iave shown that there is a c] 
percentage of nitrogen in the food and in the feces, 


Table XIII, 


Relalton between nitrogm content of food and faeces. 

Pai'centage nitrogen. 


'0 
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These figures are shown graphically in Chart III. It appears that the nitrogen 
percentage in the feces is directly proportional to the nitrogen percentage in the 
ration, the relationship between the two being represented by the thick line on the 
chart. With this established relationship it is permissible to calculate the nitro- 
gen percentage of the feces from any ration falling within the range of the tests. 
Of the total nitrogen digested from any such ration the amount obtained from the 
concentrate can be calculated from known digestion coefficients. Such a calcula- 
tion gives the following results for three rations falling within the range of the tests. 
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Table XIV. 


Calculated nitrogen digested for rice straw rations. 



Ration 1 

Ration 2 

Ration 3 

Nitrogen in ration ..... 

4o’SS 

59-13 

72-38 

Nitrogen in fseces ..... 

19-30 

21-50 

23-50 

Nitrogen digested ..... 

26-58 

37-63 1 

48*88 

Nitrogen digested from concentrate . 

1 25-77 

38-08 

50-39 

Difference ...... 

-f*Sl 

— 45 

-1-51 


The regular increase seems significant, but the difierences are small and might be 
due to experimental error. If an experimental error is involved, the variations can 
be allowed for and a series of corrected averages obtained. Such corrected averages 
would fall along the dotted graph in Chart III. Our evidence is not very strong, but 
it seems unlikely that the experimental points can be interpreted to represent the 
dotted line. There is some indication therefore that the regular increase noted in 
the table above must be accepted at least in a qualitative sense. This means that 
the digestibility of the concentrate has been overestimated. It appears from the 
data that the calves digest about 4 per cent, less protein than was expected from 
the known digestion coefficients. This is good efficiency for a calf. The figiues 
show further, that the nitrogen of the rice straw has an appreciable eSect upon 
the amount of protein digested and upon the nutritive ratio of the ration. The 
importance of this subject which is being more fully studied at Bangalore will 
become clearer in the following pages. 

For sorghum rations three results comparable with the rice straw figures are 
available. They are shown on the Chart as circles and indicate that rice straw and 
sorghum are about equal in this property. It may be noted that all the sorghum 
figures are slightly less favourable than the rice straw figures. 


Relationship between food digested and growth. 

The average amounts of nutrients digested daily during the feeding tests have 
been calculated from the data in tables X, XI and XII, The results are shown in 
the accompanying table. 
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Table XV. 


AnxountB of nutrients digested {grams fer day). 


— 

Protein 

Ether 

extract 

Carbohy- 

drates 

Total 

organic 

matter 

Total 

digestible 

nutrients 

Xiitritive 

ratio 

Live 
w'eight 
increase 
in 100 
days 

Starch 

equi- 

valents 

1925-2G. 









1. Wheat straw group , 

117 

50 

1510 

1CS6 

17G5 

14-12 

50 

3-S7 

2. Sorgimni group 

120 

64 

1403 

1G3G 

1671 

12-71 

50 

3-37 

3. Eiee straw group 

130 

65 

1551 

1755 

1853 

12-33 

60 

3-73 

1926-27 Low concentrate 









4. WJieat straw group , 

1S4 

40 

14S4 

■ 1717 

17S2 

S-70 

G5 

3*70 

5. Sorghum group 

2U1 

54 

1073 

1 1033 

2005 

S-OG 

85 

4-06 

6. Eice straw group 

‘207 

54 

1531 

1702 

1364 

S-02 

SO 

4-06 

1926-27 High concentrate 


■ 

i 







7. Eice straw group . | 

2S1 

67 

15S8 

1936 

2025 

6-21 

115 

4-67 


Tlie figures for digested nutrients maj be accepted as reliable. The lire weigbt 
figureSj especially those in which the increase is smallj cannot be expected to give 
an accurate estimate of the increase in body substance. The column designated 
Total digestible nutrients is the sum of carbohydrates, proteins and 2-3 times the 
ether extract. It represents food values or food units in a form which is extensively 
used. Without laying too much streiss on the live weight figures, it is apparent that 
neither the total organic matter digested nor the total digestible nutrients are 
an accurate measure of the values of the rations. For example, they make ration 
3 equal to 6 and ration 4 equal to 7, whilst there can be no doubt from the live weight 
figures that these 2 pairs of rations differed very materially. It may be noticed here 
that the only figure derived from the digestion experimeiits which gives a reasonably 
fair measuro of the value of the rations is the figure for digested protein. The 
parallelism between protein digested and live weight increase is fairly close. Such 
a result is not to be expected generally. It has been obtained in these test^ on 
account of special circumstances which will become clear later. The most reliable 
method we possess at present for estimating values of rations is based on net energy 
values of starch equivalents. It is evident that the estimated starch equivalent 
values of the rations run very nearly parallel to the live weight figures an<l the 
results in the two columns tend to corroborate one another. But 3*37 starch 
equivalents are a bare maintenance for animals of this size and leave practically 
no margin for growth. It is probable that the live weight increases in groups 1 and 
2 do not represent an equivalent increase in body substance. It should be mentioned 
here that if the ordinarily accepted starch equivalent values for fodders had been 
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employed in these calculations, the rations for the 1st and 2nd groups would have 
appeared inadequate for maintenance even. On the strength of work done at 
Bangalore, higher values have been given to these Indian fodders and the results 
obtained in the Karnal experiments under discussion offer some support for such 
higher values. 


Eelatioxship between protein requirement and fodder consumption. 

All other points in Table XV are dwarfed by the remarkable protein figures. 
The amount of protein digested is far below European standards. It may be men- 
tioned here that the concentrate fed in 1925-26 was considered a normal economic 
allowance for the prevailing conditions. The low concentrate allowance of 1926-27 
was distinctly higher, whilst the high allowance was not considered a practical pro- 
position and was fed only to amplify the experiment. Table XV shows that this 
high ration provided 280 grams of digestible protein, the other rations of the same 
year provided 200 grm. and the rations of 1926-27 provided 117 to 137 grams. As 
a contrast to these figui'es, English and American standards recommend 350 to 400 
grams and the maintenance allowance alone is stated to be 137 grams. The nutrir 
tive ratio — the proportion of other food stuffs to protein — emphasises the same 
shortage of protein in our rations. English and American standards recommend 
a nutritive ratio of 5*1 to 5-6. Our best ration, with high concentrate, had a 
nutritive ratio of 6*2. The 1925-26 rations had a nutritive ratio of about 13. 
In Europe or America such a ration would be considered just bearable by a mature 
bullock at rest. Our animals are hardy, but they cannot be expected to make any 
headway with such rations. The rationing of 1925-26 was wrong and there is a 
very interesting piece of indirect evidence to show that it was \Yrong. 

Turning to the food consumption charts, it will be recollected that fodder 
consumption fluctuated violently from week to week in the tests of 1925-26. It 
seems more than likely now that the fluctuations observed in the Karnal experi- 
ments are due to the very wide nutritive ratio of the rations. The animals are 
hungry, they want to eat more and they do so for a time, but the composition of 
the food becomes progressively more abnormal as the consumption of fodder 
increases, and they go off their feed. As the proportion of fodder decreases, the 
nutritive ratio is improved and in due course appetite returns. The fluctuations 
■are no doubt favoured and synchronised by small changes in the nitrogen content 
of the fodder which would have a very appreciable effect on the nutritive ratio. 
With a different ration having a narrovrer nutritive ratio, such fluctuations should 
not occur. It will be recollected that serious fluctuations did not occur in 1926-27 
and we may conclude that the nutritive ratio of these rations was just good enough 
to avoid this very unfavourable symptom. These observations provide a means 
for deciding on suitable economical and efficient concentrate rations. It appears 
that with our hardy animals, when rapid growth is not required, it is not necessary 
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to use sucli narrow nutritive ratios as are employed in Europe. _ The ration should, 
however, provide sufficient protein to ensure regular consumption of fodder. 

SUMMAEY, 

1. Tests carried out during two consecutive seasons showed that rice straw is 
eaten more readily and produces better growth than wheat straw. Locally, this 
is a result of economic significance. Good sorffhnn and rice straw are approm- 
mately equally well consumed and appear to have similar nutritive efects. 

2. Experiments on the rationing of concentrate have yielded very defimte results 
of practical value. The actual quantities of fodder consumed and the groudh 
obtained with different rates of concentrate feeding are of particular interest. 
Eiaures have also been obtained to show the relative amounts of concentrate re- 
quired by animals of different Hve weight to maintain them on the same plane. 

3 Digestion experiments showed that appreciable changes m the^ digestion o 
protein and carbohydrate occur when the amount of protein in the ration is varied. 
The digestibility increases with the amount of protein. It is noteworthy also that 
the rice straw and sorghtmi rations gave almost identical digestion results. 

4. The digestion figures relating to protein are remarkable. It has been shoun 
that our test rations provided much less digestible protein than Exiropean stand- 
ards recommend. The nutritive ratio was likewise excessively wide in certain 

5 The xelationslxip which was found to exist between the percentage of nitrogen 
in the food and the feces may be of value in tUfferentiating fodders. ■ 

6. Very serious fluctuations of fodder consumption were observed m some tests. 
Such fluctuations are a bad symptom and show that the ration was unsuitable. 
It is a significant fact that the most serious fluctuations occurred with those rations 

in which the protein was low. . . , i • i 

7 It appears that, when rapid growth is not reqmred, our hardy animals can 

thrive on rations with much wider nutritive ratios than those recommended m 
European standards. The ration should, however, provide sufficient protein to 
ensure regular consumption of fodder. When serious fluctuations commence, it 
may be regarded as a sign that protein is probably insufficient. 
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PREFACE 

During the past twenty years that the Chemical section of the Agricultural 
Research Institute, Punjab, has been functioning, a considerable number of investi- 
gations and analyses have been carried out on the Punjab soils. While these^ 
with the exception of analyses undertaken during the past two years, have not 
fallen into any systematic scheme of investigation on the Punjab soils as a whole, 
and no comprehensive survey of these soils has been undertaken, it is proposed to 
present in the following paper the collected data which have accumulated from the 
investigations so far carried out, in the hope that they may give a skeleton outline 
of the more important soil features of the various districts of the Punjab and 
indicate some of their distinguishing characteristics. 
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L Main Features of the Province. 

Before attempting to describe the soils of the Province or give details of their 
chenical and physical compositionj it is desirable to describe the main general 
features of the Province as these exercise no small influence in interpreting the 
figures of analysis and consequently the treatment which a soil may require. 

(a) Physical and Geological Factors. 

The Province falls into five, main physical divisions : — (a) The Himalayan Ee- 
gion, (b) The Himalayan Sub-montane, (c) The Arid Plateaux of the Salt Eange, 
(c^) The Arid South-Western plains and (e) The western portions of the Indo- 
Gangetic plain. 

Of these the first three are small in area and the first and third are not of great 
importance from an agricultural point of view ; the Sub-montane, however, is 
the most fertile and wealthiest in the Punjab. The remaining two divisions 
are of vast extent and fertile towards the South, where they encroach on the 
plains of Sind and Eajputana, and depend almost entirely on canal irrigation for 
their prosperity. 

Geologically, the Punjab falls into three natural divisions : — The plains, the Salt 
Range and the Himalayas. The plains, which consist almost entirely of the Indo- 
Gangetic alluvium, form the chief subject of study in this paper. In the north of 
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tlio Proviii.ce tlic Salt Kaugo Bkctclies from tlie Jheiam vaiiey on the east to the 
Indus on the west, and crops up again beyond that river. The Himalayas form tlie 
eastern boundary of the Province, extending from the. south-east to the extreme 
north. 

ib) METEOEOLOaiOAL Faotobs. 

Tiie Punjab being an iirland Province, the climate over the gieatm* part of it 
is of a most pronounced continental character, extreme summer heat iilteiiiating 
with great winter cold, bat its diversified surface, iiicliiding montane, sub-mon- 
tane, and plain zones, very largely modifies the teiiiperature, weatlicr anrl climate 
in difierent parts of the Province. The Punjab may accoidingl}' l)e divided into 
four natural divisions, in each of which the general meteorological conditions are 
believed to be fairly homogeneous (Diagram I), 

These are: — 

L The Himalayan {e,g., Simla, and Miuree). 

2. The Sub-Himalayan i\mbaia,' Ludhiana, Giirdaspur, Sialkot and 

Rawalpindi). 

3. The Indo-Gangetic plain west, (stations extending as far as Laliore). 

4. The North-West dry area (stations ' Manwali, Sindh Sugar, Muzafargarh, 

Dera Ghazi Khan and Multan, etc.). 

Taken as a whole, the Punjab has in normal j^ears two well defined rainy seasvijis. 
The first, or period of the north-ea>st monsoon, extends from the end of Di‘cem]>er 
, to the end of February or even uj^to the middle of March. During this period tlie 
Punjab experiences what are generally known as winter rains. The second period 
of rainfall, the result of the north-west monsoon, lasts from the end of June 
to the middle of September, The rainfall is naturaliy heaviest in the llimalayan 
and sub-montane regions, the highest average received l>eing 126'' at Dliaramsala, 
while the average for the region is nowhere less than 36''. In the plains the rain- 
fall decreases rapidly as we pass from the hills. The sub-montane zone, which 
skirts the foot of the hills, and of which Eawalpiinii, Gurdaspur and Sialkot may 
be taken as typical stations, has an average annual rainfall of 30'' to 40." The 
Eastern plains from Delhi to Lahore, belong to the West rndo-(j‘angc*tic plain, 
and have a mean rainfall of about 24''. To the west aiid Bouth-west lies the tky 
area characterised by an extremely light and variable rainfall, and heat and dijnesB 
in the hot season, extreme even for the Punjab. The ordinary soutli-west monsoon 
winds from the Sindh and Kathiwar coasts encircle, but do not actually blow into 
this area, which therefore gets very little rain from tins source, though it occasionally 
receives heavy cyclonic downpours from storms which have travelled -westwards 
from the head of the Bay. Montgomery and Multan are typical stations of this tract. 

The amount of rainfall f or difierent regions of the Punjab is represent^'d in Maps 
A and B. Tho idains, owing to their arid nature and remoteness from the sea, are 


DIAGRAM I. 


Showing, different Physical Divisions of the Punjab, 



MAP A SHOWING AVERAGE RAINFALL IN INCHES IN THE 
PUNJAB IN THE MONTHS JUNE TO SEPTEMBER, 
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subject to extreme variations of climate. In winter the degree of cold is as intense 
as may be found anywhere in the plains of India. In the latter part of December 
and January and sometimes in February the night temperature commonly falls 
; below freezing pointj while by day the thermometer does not as a rule rise above 

75°, and for four months of the year the Punjab climate with its bright sun and 
keen invigorating air cannot be surpassed. In summer, on the other hand, the 
fierce dry heat is exceeded only in Sindh. In Jmie the thermometer commonly 
reaches 115°421°, while the night temperature averages from 76°-90°. 

(c) Artificial Iebioation. 

The Punjab possesses the greatest irrigation system in the w’’orld. In the year 
1926-27, out of a total cropped area of 30,406,941 acres, 13,941,466 acres were 
irrigated and of this area, 72 per cent. (10,048,746 acres) was served by canals, 
408,580 acres by tanks and other sources of water supply, and 3,484,130 acres 
from wells (chiefly in the districts of Jullundur, Sialkot, Hoshiarpur, Gurgaon and 
Ludhiana). The canals of the Punjab are not lined, and owing to the velocity of the 
water carry fairly coarse silt. They are designed at a slope which causes slight 
silting in the Kharif when the rivers are in flood, and they scour to some extent in 
winter. 

((?) Underground Water. 

Particulars regarding the level of the sub soil water are given in the body of the 
paper with the description of the particular soils. Lately, on account of the con- 
struction of the big canal systems and consequent seepage, partly due to an interrup- 
tion in the natural drainage at certain places, water has accumulated in the upper 
soil layers to such an extent as to cause water-logging. Consequently, such soils 
are going out of cultivation. Another effect of canal irrigation has been the rise 
of the subsoil water table at many places. For instance, in Lyallpur the water table 
is rising at the rate of one foot every four years. In the Lower Chenab, figures 
for a number oi years show that the rise of the water level at certain places is 1|- feet 
per annum.^ In some parts the water table has already reached the surface and 
caused water-logging. The percentage of water-logged area on the Punjab canals 
is so far small — -not more than 1 or 2 per cent., but the serious aspect of the question 
lies in the fact that the rise of the water table is general throughout the Doabs, aiod 
there is no evidence so far of any slackening or reduction in this rate. There is no 
question whatever that when the water table gets within 10 feet of the surface in 
any tract, the future prosperity and productivity of that part is in a critical 
position. From this depth the rise of the water by surface tension and its 
evaporation from the surface becomes considerable. This goes on constantly, 
and ^ Kallar ’ or Salts thus tend to accumulate in the upper soil layers. 


^ Rroberts, W; & Faulkner, 0. T. A Text-Book of Punjab Agriculture, Civil and MUitary Gazette 
Lahore, 1921. 


28 


SOILS ot rm 


Ou tlie other liaiid, m some districts siicli as JiillmKiiii, tlie water level; o wing 
to heavy demands on the wells, has been gradually falling during recent years. 

(e) Agbioijltueal Features ahd G-EisrERAL Soil Conditions. 

Excluding the Himalayas and other hill tracts and the Eavines of Eawalpindi, 
Attock, and Jhelum districts, the vast alluvial plain of the Punjab is broken only 
by the Avide valleys of its rivers. Its soil, for the most part, is a sandy loam, inter- 
spersed with patches of clay (samples 199 and 226, Table I) and tracts of pure sand 
(samples 115 and 223, Table I). The soils of the Himalayas and loAver ranges re- 
semble those of the plains, but both sand and clay are rarer and thc^ stony area is 
considerable. 

The Punjab has two harvests : — The mbi {Flciri) or spring, soAAn mostly in Octo- 
bor-November and reaped in April-May ; and the (Sawam) or autumn 

harvest sown in June — -August, and reaped from early September to the end of 
December. Both sugarcane and cotton though soavii earlier are autumn crops. 
With the development of irrigation the tendency has been for intensive cultivation 
in the rabi to replace the extensive cultivation of the Miarif, 

The principal spring or mbi crops are wheat, gram and barley ^ Wheat oceupies 
a much larger area in the Punjab than any other crop, riz. 30 to 35 per cent, of 
the total cropped area. The actual area for the year 1926-27 was 9,379,402 
acres. After wheat, gram is most extensively grown, covering about 4| million 
acres, of which only 12 per cent, is irrigated. Tlie largest areas are foimd in 
Ferozepur, Hissar and Rohtak. Should wdnter rains be favoura Avlieat or 
barley gives a good yield ; whereas gram subsists best when the rainfall is less. 
The area under barley in the Punjab is rather over a million acres, i.e,. about 1-lOth 
of the area under Avdieat, and the crop is chiefly grown in the districts of Hissar, 
Ferozepur and Gurgaon, mostly on light unirrigated land. 

Of the autumn or crops, rice, cotton and sugarcane are the most import- 

ant, Rice is grown chiefly in the Kangra, Gurdaspur, Amritsar and Giijranwala 
districts. The plant groAAAS best in a very heavy soil where plent}' of water is 
available; stagnant water is, hoAcever, unfavorable for its success. 

The area under cotton has been liable to considenible variations in the last ftnv 
years ownig to the great fluctuations in price. In 1924-25, a record area of 2,326,335 
acres Avas under cultivation. Excluding the montane and sub-montane areas, 
cotton is grown wdxerever irrigation is possible and the land not excessively samly, 
cotton being almost exclusively an irrigated crop, in the Punjal). 

The Punjab, amongst all the Indian Provinces, has the second largest area 
under sugarcane, usually varying between 3| and 4| lakhs of acres.* The best areas 
for the groAvth of the crop are in the south-east of the Province, in the districts 
of Rohtak and Karnal, the next best being the eastern districts such as Gurdaspur 
and Bialkot. The rainfall in Punjab is nowhere sufficient for the growdh of 
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sugarcane, and thus this crop can only he grown either under irrigation or where, 
as near the beds of rivers, the underground w^ater is sufiScient. Cane can he grown 
profitably on land which is moderately heavy, but it is useless to try to grow^ it 
on very light soils. 

Such, in brief, is the description of the chief physical features of the 
Province and we may now consider the main theme of our paper, viz., the chemical 
and agricultural characteristics of different types of soil met with in different 
regions of the Province. These have been arranged according to the four general 
meteorological divisions given above. 

2* The Himalayan Tract. 

The Himalayan tract includes more than half the state of Jammu and Kashmir 
ill the extreme north-west while the district of Kangra and the Simla bill states 
form the south-east part of the Punjab Himalayas ; east of this lies the Kumaun 
division of the United Provinces, followed by Nepal, Sikkim, Bhutan, etc. In 
the Punjab we are concerned only with the Kangra and the Simla hills. 

The Agricultural parts of the Himalayas with few exceptions are of secondary 
importance, to the plains the chief food grains cultivated in the outer ranges being 
rice, wheat, barley and maize. In the hot moist valleys, chillies, turmeric and 
ginger are grown. At higher levels potatoes have become an important crop, and 
in Kulu and Kumaun, fruits, such as apples, pears, cherries, plums and strawy- 
berries have been successfully naturalised. Two crops are obtained in the low'er 
hills, but cultivation is attended by enormous dijEcuIties, owing to the necessity 
of terracing and clearing land of stones, while irrigation is only practicable by 
the aid of long channels winding along the hill sides from the nearest suitable 
stream or spring. As the snowy ranges are approached, wheat and buck wheat, 
grown during the summer months^ are the principal crops and only one harvest in 
the year can be obtained. Tea gardens were successfully established in Kumaun 
during the first half of the 19th centmy, but the most important of these are 
situated in Kangra. 

1. Kangra. 

With the exception of the examination of some samples from the district of 
^ Kangra, very little work has been done in connection with the montane tract of the 
Province. As mentioned above, the Kangra district is eminently suited for grow- 
ing tea and fruits. Rice is also grown at maiiy places in the district although it 
is not of superior quality, and the soils examined from this district have been 
confined to tea gardens only. Most of the tea gardens are situated in the valley 
at a height varying from 2,500 t-o 4,500, or even 6,000 feet in some cases. For at 
least six months in the year the climate is warm and moist and the rainfall is not 
less than 100 inches per annum, but even at these elevations the cold is never so 
severe as to injure the growth of the tea plant. Hot winds are unknowm in the 
Kangra valley* 
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The analyses of some representative soils of the tea estates in this valley arc 
given in Table I Nos. 1-7. It will be seen from an examination of these soil types 
that tea is being grown on a variety of soils. For example No. 1 is a light sandy 
loam ; Nos. 2, 6, and 7, medium to heavy loam ; while 3, 4 and 5 may be designated 
stiff clay soils. From a study of their chemical composition, however, it will 
be seen that with the exception of Nos. 1 and 4, the others are comparatively ricli 
in nitrogen. The soils also appear to be rather deficient in lime, but are sufficiently 
alkaline to allow the conservation of a large proportion of combined nitrogen. Soils 
No. 2, 5, 6 and 7 are exceptionally rich in nitrogen and potash for tea soils. On 
the other hand, with the exception of soils Nos. 2 and 4, they are all below par in 
phosphoric acid and in this respect compare only with second grade Assam soils. 
Phosphoric acid is a mammal constituent of great importance in tea soils, siiu'c 
it not only serves to stimulate ripening but it also induces t^arly development 
of the young plant and secures a sound estabiishment of the root system. A light 
dressing of cruslied bone meal every now and then is likely to improve these soils 
considerably. The question of the magnesia content will be discussed separately 
later, 

3t The Sub^Montane Tract* 

The Sub-montane tract includes the districts of Ambala, Hoshiarpur, Gurdaspiir, 
Sialkot, Rawalpindi and Attock. From the southern foot hills of the sub-Himalayas 
there extends a -width of high level territory flanked by an outer ridge of receait 
formation known as Siwaliks — a line of brolcen and divsintegrating hills which mark 
the first step iqnvards from the plains. The sub-montane tracts of the Punjab 
are enclosed between the Siwaliks and the Himalaya, ami the upland valleys skirt- 
ing these mountains include some of the most fertile and beautiful of the Indian 
low-land formation in the north-west. 

The districts of Rawalpindi and Attock, situated on an undulating plateaux, 
comprise wide rolling plains broken by wild, irregular, and in the districts of Attock, 
mostly barren ravines and hills of very varying magnitude. There is no regular 
irrigation, and agriculture in these districts depends almost tmtirely on rain \¥ater 
which, except in some parts of Attock, is plentiful. The chief crops grown are 
wheat and barley, with jowar {sorgMm %)vlgm*e). bajm {Penniseiim iyphoidefum), 
gram, and pulses in addition in the Rawalpindi distriett, and millet and maize in 
the Attock district. 

The remaining districts present many points of similarity in their physical and 
agricultural condition. As already stated, they constitute one of the most fertile 
and richest tracts of the Punjab. The chief sources of irrigation are w^ells, natural 
streams and canals. These, coupled with an abundant rainfall, secure for the crops 
a plentiful supply of water. The crops are -wheat, barley, maize and sugar- 
cane. Cotton is grown in the Hoshiarpur districts to some extent ; but there is 
neither any cotton nor sugarcane worth menbioning in the Ambala district. 
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■ ' LAmbala. 

The main portion of this district is a plain which descends from the Siwalik 
hills towards the south-west. This plain is fertile, and mainly composed of alln- 
vial loam, intercepted at intervals of a few miles by gulleys through which the hill 
torrents descend. It is also interespersed with blocks of stiff clay soil, which in 
years of scanty rainfall are unproductive, thus rendering the tracts where they occur 
liable to attacks of famine. 

Sample No. 8 in Table I represents a sandy loam tract of the barani area of the 
same district. This soil is seldom manured and generally gives a yield of from 7 
to 8 maunds of wheat ; 10 to 12 maunds of make, or S to 4 mamids of cotton. 
The usual rotation practised is wheat-wheat, or wheat-maize, cotton. Sample 
No. 9 represents a soil on which only rice is gi*own, and whose sub-soil water is 
generally about 14 ft. below the surface. 

Soils No. 10- — 14, are taken from the Military Daily farm at Ambala Cantonment 
which encloses an area of about five hundred acres. No. 10, a heavy loam, is a 
representative of one of the best soils of the district and gives a very good crop 
of wheat averaging about 16 maunds per acre. No. 11 is a sample of sandy soil 
suitable for gi’owing cotton and wheat ; No. 12 is a soil from a pasture land which 
grows under bamni conditions very good crops of grasses, ilnjan and Barn. No. 13 
is a sample of sandy soil which yields good crops when manured, while No. 14 is 
suitable for the cultivation of barley and gram. 

2. Hoshiarfur. 

The district is divided into four Tahsils, i.e., Hoshiarpur, Garhshankar, 
Dasuya and Una. 

A peculiar feature of the district are the Chos or hill torrents, which rise in the 
hills below the watershed, leave them by a narrow outlet and widen on their w^ay 
to the plains until they break up into a number of branches, thus spreading like 
a net work over the plains. At an earlier period the silt washed down from the 
Si waliks must have formed an alluvial plain to their west and caused its fertility, 
but owing to the deforestation of those hills, the Chos have for a considerable time 
been destroying it. Dry in the rainless months, they become raging torrents 
after heavy rains, and, pavssing through the sandy belt which lies below the western 
slopes of the hills, they enter the plain, at first in fairly well defined channels, but 
finally spread over its surface and bury the cultivation under infertile sand. 

The Siwalik hills, which form the back bone of the district, are composed for 
the most part of soft sand stone from which a belt of light sandy loam known 
as the Kandi tract, lying immediately at their foot, is formed. This soil 
requires frequent, but not too heavy, showers, and the tract is to a large extent 
overspread with shifting sand blown from the torrent beds. Ljdng parallel to this 
is a narrow belt, in %vhich the loam is less mixed with sand, and this is in turn 
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followed by the ex<3eptioiially fertile Sirwai belt in which the water level is near 
the siiriace and,, the, loain'' little mixed ,, with, ' sand "'except ' where • affected ,by, 'the^ 
■,hill"-torrents, and j.s''Of "a'''textiii’e'wMch''enaHes it' to; draw'^' and 'retain the maxininm 
; of' moisture,. .Garhshankar is,a tract.ofnlayey,land 5 while ' north'' of ,Dasi:iya and 
beyond the range of Siwaliks denudation, ' is ' an area "pro'ba'bly formed 'by the 
'ailiiviiim of the 'river' jBeas and ,one of the most fertile in the district'. .The soil of 
'thC'. 'Una'' valley is for the most' part ''a good alhmal loam, specially fertile 'On the 
banks of the SntleJ. 

,' Two samples of soilffave been examined from the latter tract ; the first, No, 15 
in '''Table 'I was taken' 'fro,m the 'village Piemgarh and appears to be very, suitable 'for'., 

. wheat. The second No.; 16' was taken fro,ni the village Kamalpur and .represents' 
land generally , put, under sugarcane, the yields being about 20 maimds of 'wheat,; 
and, 4,0 — 50 maiinds of:ffm\per acre from the KathU' variety of cane, known,' as "Chan, 
in , the .district. .'' 

Both these soils are irrigated from wells in which the w'ater level is 28 ft. deep. 
The land is fairly well drained and the most common rotation practised is wheat, ' 
maize, {MeMMuS' sugarcane .(mai,z6 is ma,nured in tlie rotation). ' 

3 . Ourdaspnf, 

■ ,'Of 'the four Tehsils' which comprise this district,, the southern" two, Batak, and 
Gurdaspiu’, are situated between the Bias and the Ravi rivers 'and present the ordi- 
nary features common to the sub-montane tracts of the Provinei*. The tehsil of 
Pathankot towards the north of Giirdaspur is the most varied part of the district, 
containing as it does the low foot hills, outlying spurs of the foot hills, the valley, 
and the plains. The Tehsil of Shakargarh includes land which is somewliat differ- 
ent from the rest of the district, most of the land in this tehsil being very fertile, 
highly cultivated, with a somewhat higher sub-soil water level, 

A marked feature of the Bari Doab is the existanee of numerous Chifiths or 
Swamps, the most noted of which is the KhcmHau CIiambL We liad occasion to 
examine the soil from Keshopiir Ohambh near Gurdaspiir, the analysis of wlH<^h is 
given later. 

Nos. 17 — 21 and 48 — 53 of Ta>ble I represent samples taken from the 
Gurdaspur and Pathankot tehsils, whereas samples 22—27 weie t:uk<ai from a 
on the Government Agricultural Farm, which, was luuler manuriai experirntmts for 
sugarcane, and 28 — 33 are representative samples of soils whi(4) have pro\'ed to ho 
more suitable for growing sugarcane in the Gurdaspur and Bata la ti^hsils. 

Of the first five samples. No. 17 was taken from a typical rice field of the Pathan- 
kot tehsil ; No. 18 from a typical rice field of the Gurdaspur tehsil, No. 19 from the 
sugarcane growing tract ; No. 20 from a field which grows very gcaxl wheat a,nd 
No. 21 represents a soil which appears to be suitable only for inferior oTopa suc^li as 
ffKish (^Phaseolm radiatus) and moth {Pkmdm momtifoKn$% 
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Nos, :>i -jJ> stuov aaiiilyses of somti otlier soils from the district, while No, 47 
is from a. jdot iiiid<*r ^Toeji miumriiig cx.pcriiaciits at the GoYorimient Agricultural 
Jhitin. 8um.j.)Jcs No. 18 aiaJ ID are soil and sub»soil BaBapl6>sironi fields 
on the iarin . Tliis soil, a lich Itjain, ]ia,s been yielding good crops without any inamire, 
th<.i roi'.atluu followed being maize, senyi^ sugarcane. No. 50 and 51 are specimens 
of soil i'roiii Ifc\s!iopii:icC}iam.l:)li, a, low lying piece of land al)oiit 2 to 3 thousand 
acres in extent, which grows luxuriant cro|)s of grass such as dubli^- ckwihcm\^ 
pakvanh^^ sim,^ p:mmJiy^ %ari,^ and Miabbal,^ etc., which, however, are avaii- 
a*b.lc only for a period of about 3 months from August to October. The surface soil 
of the Ohambh is a sandy loam, but on descending to the second foot, one meets 
with a. stifler soil, which probably accounts for the imx)ervioiis nature of the land. 
Very good crop of rice were roporied to hiwo been raised from this tract some years 
ago. Tlic lajid, liowevf.vr, has deteriorated in recent years, partly owing to the 
appeu-rance of " Kailar,' a condition due in soine measure perhaps to tlui natinai 
drainage in the middle of tlic tract having ceased to function. 

Nos. 62 and 53 are samples of soils from the village of Jaudoal on the 
Pathankot-DaUiousio 3'oad near CJhaklvi. This soil, a medium loam, normally 
grows maize but is not suitable for otlior crops. 

4, limvalpindL 

This district may be dividend into three main portions l)ased on its more promi- 
nent features : — 

1. The montanous portion consisting oftheMuxree l.^ehsil and the northern 

portion of the Kaliuta Tehsil. 

2. Tile hilly and su.1>”moritaiie tract, including the s[jurs of the Miirgjida raiige, 

the area lying at the foot of the l¥m*ree hills, and the ste<‘p hills on 
; the western bank of the Jheium and the RaAvalpimli Telisil. 

3. The plains, or Pothwar portion, including the whole of tlu^. Gujar Khan, 

f the south-east portions of the Rawalx)indi Tehsil, and the sf>uth- 

r. . west xHU'tions of the Kahuta Tehsils. 

Bam pies No. 54 —69 were taken from the Military JJairx' Parm at Eawa lpimli 
wiiicli may be considered I’epresentative of the most fertile s]>ots in the whole dis- 
trict. The farm (insists of an iindulatory piece of land with lields wori^ed out 
in terraces, the soil of wlxich (*onsists chiefly of a reddisli still clay. Samples No. 
51 and 55 ani from block 2 on the farm and rejxresent a medium silt soil ; th.e rota- 


* Emgroslis G?/nosuroid€S. 

- Eleusine ElagelUfera. 

^ A'ndropogcm Perlusus, 
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tion followed isjowar, ba-rley, wlieat-jo^r- fallow. SamploB Xo. 36 and 57 (block 
3) represent a clayey loam, well suited for growing crops such as. jourir, wheat 
and barley. Samples Ifo. 58 and 59 (block 2 sandy portion) are typical of tlie sandy 
soils, the rotation followed being jotvar-joivar, 

5. AUocJi. 

The Attock district comprises the western portions of the rough plain eonniiy 
lying between the Indus and the Jlieliun rivers, and under the mountains of Hazara. 
The district is divided into four Tehsils, i.e,, Attoek, Talagang, Pindi Gheb, Patch 
tlang^ administrative divisions which correspond fairly closelj^ with the natural divi- 
sions. The Attock Tehsil, though not itself homogeneous in nature, differs some- 
what from the rest o£ the district, and may be divided into three main portions, 
the. Ghhaehh plain, the most fertile and riehestr portion of the district ; tlie Sarmda 
tract a desert of waterless sand, and the Xala tract, a level plain dotted here and 
there wdth barren liills and crossed hy ravines. The Talagang Tehsil consists of 
a high lying plateau, scoured hy the deep beils of numerous torrents and fettered 
everywhere by innumerable small gullies and ravines. The Fateh Jang tehsil 
comprises the country lying l)etween, and on l)otk sidt*s of the Sil and Swan 
streams. North of the Sil the high lands ascend in a wilderness of irregular 
ravines scoured by torrents. The valley of the Swan consists trf the broad and 
sandy bed of the streams flanked by wide stretches of rich alluvial loams, while 
}>eyond the Swan is the less fertile land known as Wa(kda, whi(*h, on its southern 
side, comprises the comrtry known as Asglinm, a narrow undulating plain of small 
villages with light fertile soil and good harani cultivation. The south-w'est comer 
of the Pindi Glieb Tehsil is a wild and mountainous country where cultivation is 
carried on either in the sandy soil found on the top of the stony plateau or in 
deep valleys, banked up at their louver ends in order to arrest the soil washed 
down by the floods. Tlie remaining poH-ion of the central plateau known as the 
Jandal, is a tract, the characteristic features of w'liich are undulating stretches of 
fine sandy soil pre-eminently suitable for gram cro]>s. The rest of the Tehsil 
consists of high open country, mostly barren and unproductive, hut containing 
here and there more fertile depressions. Towards the east at Fateiijang, the 
country is a bleak, dry, undulating, often stony ta^act, broktui hy ravines and 
pitted by outcrops of rock. 

Thus the district consists of high mountain tops, bleak and unfertile, in the nuiin. 
but wuth very fertile spots at intervals, low^ lying valleys, and vast level plains ; 
in fact all the various types of physical configuration possible are met with, anil any 
wide uniformity of soil type in such a tract is not to be expected. The soil types 
met with axe residual and cumiilose, culluvial and alluvial and even loess, in fact 
almost all possible soil types are to be seen. In places, the hard rocks may Ix^ 
seen in the process of disintegration and present a very instruci'h*e study in nietJnxls 
of soil formation. 
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III Table I arc iiickicled analyses of ST samples of soil, taken from different 
villages in the Eatelijang Telisil, with the exception of Khtinda wliicli is in the Pindi 
Gheb TolisiL Tlie country covered by most of these soils is a part of the dSTala 
tract, a level plain, dotted with barren hills and streaked with ravines and streams. 
Analysis confirms our expectation that the soils from such a tract do not fit in in 
any orderly scheme of soil types. The figures are given as indicative of the differ- 
ent types of soil met with in the locality south of the Kala. Chitta range. The 
soils examined were mostly taken from the Fatehjang Tehsil and only three samples 
representing the first three feet were taken from the village Khiuida in Pindi Gheb 
Tehsil, and one sample of black surface soil from the same village. The soils from 
the different villages were all taken from a three foot column, each foot being kept 
separate. The soils from Ajiiiwala (Nos. 63 — 65) are the heaviest of all the samples 
examined. As one travels from the village towards the south-west, the soil gra- 
dually changes from a light medium soil at Kharala Khurd (Nos. 66~~68) to a sandy 
soil at Khunda (87—90), and a similar variation in the mechanical composition is 
noticeable as we move towards the north-east to Jhang (69—74) and Neka (75—80). 
The soils from Fateh] ang-Sadkal (Nos. 60 — 62} and Doian (84 — ^86) are all light 
medium soils. All the soils in the Fatehjang Tehsil and also those in the Pindi 
Gheb Tehsil a little further to the left hand side of the Eawalpindi-Kohat Eailway 
line are light medium soils, while those on the right hand become gradually heavier 
as we travel from Eawalpindi to Gagan, a distance of about 30 miles. These 
remarks are, however, based upon the assumption^ — which as the physical descrip- 
tion of the district given above shows ' may not always be correct— that the soils 
from any one village are typical of a considerable area surrounding that village. 

The populai belief as to the clayey nature of these Ajjuwala soils is confirmed 
by mechanical analysis ; but the soil samples examined from Khunda which are 
popularly regarded as similar in type to the ikj juwala soils are sandy and not clayey. 
In factj out of all the samples examined these are the only soils which are typically 
sandy. The soil .from Fatehjang-Sadkal are shown by mechanical analysis to be 
heavy medium soils from which Kaukat is absent and not sandy as commonly 
believed. All the other soils from the villages Kharala-Khurd, Jhang, Neka, and 
Qutbal (81 — 83), known as lime stone or kanJmr soils, are medium or light medium 
'■soils.' ' ' . ■ ' 

The Lime and Lime-Magnesia- ratio. 

The figures for these (average for a three feet column) are given below. 

The popularly known hankar and lime stone soils from the villages Kharala 
Khurd, Neka, Qutbal and Doian, have all a high lime content varying from 8 per 
cent, to 13 per cent., and all of them, with the exception of the soils from Kharala 
Khurd, have an equally high lime-magnesia ratio. Of all the soils examined, 
those from Kharala Khurd show tlie highest figures for magnesium as far avS the third 
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foot. OoBsequeutly, their lime-magaesia ratio is much less than that oi the other 


soils referred to above. 


/Village' 

Bime 

Lime ; Magne- 
sia 

Pliysical classMoation 

"Badfeal * ' ■ - • , ■ • . • 

jiei ceut, 

1-97 

1-70 

Heavy medium. 

Ajjawala 

12-86 

7-97 

Olay. 

ICharaia Khurd 

7-86 

3-41 

Light medium. 

Jhaiig (irrigated) . . . ^ * 

5’7:i 

2*87 

Medium, 

Jhang (Barani) • • 

4-45 

2-98 

Do. 

Noka (irrigated) 

8*91 

7-33 

Light medium. 

Neka (Bamni) 

1001 

8-01 

Ditto. 

Qutbal . • • • 

11-84 

7-15 

Ditto. 

Boian . , . • 

13-21 

8*37 

Ditto. 



5-77 

3-3S 

Sandy. 

Kliunda (black soil). . . • » 

3-44 

1-64 

Ditto. 


It is remarkable that the “ Limestoac soils ” &om Jhaag do aot coutaiu as much 
lime as the lime ami hiiikar soils from other places. A still more remarkable _ae ■ 
is the very high percentage of lime found in the clayey soils of Apiwala. this 
.should have modified favourably and to a very large extent, the hard, impermeable 
character of the soil making it as good a producer of crops as any normal soil, yet 
the crops grown at the time when the samples were taken presented ^ very poor 
appearance. But, as mentioned in the physical description of the district, mueli 
depends upon the character of the rocky substratiuu. 

Iron. ■ 

The quantity of iron present in these soils is not very high and does not yarj 
very much, with the exception of the Neka soils which contain somewhat less iron. 
This excludes any explanation as to the red colour of the soil being due to the lugh 
proppxtion of iron present. The white soils from Kharala Khurd contain more iron 
than the black soils from Ivhunda. 

All the soils are rich in potash and are certainly not deficient in phosphates, 
when we take into consideration the fact that most of the Punjab soils have a I gOs 
content lying between OT and 0‘2 per cent. 
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Nitrogen, 

Ihe aBioiuit of nitrogen prepiit in these soils compares fnvom*a} 3 l 7 ^ w that 
found in most of the Piiiijab soils, the average 0*066 per cent, being slightly higher 

than the average for the latter. Even the second and the third foot columns coii- 

tarn. 0*056 per cent, nitrogen. 

^ The figures for “ Loss on ignition ” which are usually taken to represent rou<.hlv 
the amount of organic matter present in any soil, are high when compared vdth 

other Punjab soils. ' ^ 

These soils, as revealed by chemical analysis, are not deficient in any of the es- 
sential plant food ingredients, they are not so fertile as other Puniali soils 
Perhaps this is due to the fact that these soils lack the necessary plant food materini 

in the available form. " - t. 

The figures for the amount of total solids (Table II) present in the water exti-act 
of these soils are much higher than we ordinarily meet with in the alluvial soils of 
the Punjab. This coupled with the fact that all these soils contain on an averasc 
0-2 per cent, of sodium bicarbonate may explain to a certain extent their lesser 
fertility as compared with rich soils in other parts of the Punjab. 


4. The riuIo.Gangetic plain. 

The Peninsula of India is separated from the northern area of upheaval of which 

the Himalayas are the southern revetment, by a broad interval of low flat covintn' 

known as the liido-Gangetic depression, which extends from the delta of the 
to the delta of the Indus. Since the geological era in which occurred the part- 
ing of waters, when the Indus first started westwards and the Ganges turned its 
currents to the east, the physical character of the tw'O basins has rapidly diverged. ' 

In the Punjab the Indo-Gangetic plain extends westwards as far as Lahore 
The whole of the Gangetic basin is within the influence of the south-west monsoon 
rains, and those portions of the Punjab plain which represent an extension of the 
Gangetic basm are benefited by these rains. The western tracts, however which 
form the basin of the Indus and its affluents, present physiol characteristics ^ differ- 
ing in many essentials from those of the Gangetic basin proper. From the dis 
tricts where the plains spread southwards, the Punjab presents the picture of a 
flat treeless landscape except in the areas served by the canals. There was a time 
when forests grew in the Sind valley, but they have long ago disappeared and it is 
probable that with this disappearance the meteorological conditions of the Indus 
valley have greatly changed. 

No part of the Indus valley is subject to a regular and systematic rainfall in the 
monsoon season, although the fall gradually increases from Sind towards Lahore 
Thus the climate of the valley is hot and dry. Irrigation has, however greatly 
developed lately and there are gi-een areas around the Indus river and the newly 
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spread net work of the Punjjarb canals, w^hich are once again altering the character 
of the landscape, 

Wheat;, barley, gram, cotton and sugarcane are the chief crops grown in the. 
plains area, the latter two predominating in the eastern parts. 

i. Hmar. 

This district fails into four natural divisions 

A. The Bold tmct, of the Sirsa Tehsil which stretches from the northern boundary 
to the Ghagar, whose soil is a soft reddish loam, interspersed with sand and clay, 
the water level in the wells of which varies from 40 to 180 ft, in depth. 

B. The Nali tract, stretching from east to west through the Fatehabad and 
Sirs^ Tehsils. Its characteristic feature is a hard iron clay soil, which pemiits of 
no cultivation unless well saturated with water. 

C. The Bagar tract stretches from the south and west of Sirsa through Sirsa., 
Fateliabad, Hissar and Bhiwani. Here the prevailing features arc a light sandy 
soil with shifting sand hills interspersed in parts with firmer and even loamy boctoms ; 
the spring level is more than 100ft. below the surface and the water is frequently 
bitter. 

D. The Hariana tract comprises the whole of the Hansi, and the eastern portions 
of the Fatehabad, Hissar and Bhiwani Tehsils and is traversed by the Jamna canal. 
The leading feature of the tract is its firm clay soil ; sand hills are occasionally 
found, but the low lying parts are particularly hard and clayey. The spring level 
is generally below 100 ft. except in canal villages where it rises to within 30 to 41) 
ft. of the Surface- 

Samples 91 to 96 and 105 to 109 were taken from the Government Agricultural 
Farm at Hansi and may be taken as representative of the Hariana tract. 

No. 91 is a good average soil and contains a small proportion of kanhar. in wet 
weather water rema.ins standing on the surface and in times of draught the crops 
suffer. The rotation generally followed is wheat-eotton-sugarcane. the average 
yields being respectively 25, 3, and 40 maunds (of gnr in the latter ease). Sugar- 
cane is manured at the rate of 15 tons of farmyard manure per aere. 

No. 92 is a good loam very well drained and is generally put under the rota- 
tion, cotton, jmr, with manure to cotton only. The average yields obtained are 
10 maunds of cotton and 10 maunds of Jmr {Sorghitin valgare). 

No. 93 is of the same type as No. 92. The rotation followed is wheat, eotton, 
senji {MelUotus parviflora) without the use of any manure, and the average }del<ls 
per acre are, wheat 30 maunds and cotton 12 maunds. 

No. 94 is a somewhat poorer soil of average type and contains n very small 
amount of hankar. 

Nothing but cotton was grown in this field and no manures were used. The 
average yield of cotton obtained was 6 maunds per acre. 


- - 
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So. 9o is of the same type as So. 94 except that this soil was from a permanent 
wheat plot where no manure was used and the average yield of wheat grain per 
acre was 15 maimtls. 

No. 96 is a very heavy soil, fit for growing rice only, and was rather im- 
permealde to water. No maiiiires were used and the yield of rice averages 
15 .maimds. 

Soils Nos. 105 to 107 have an almost similar chemical and mechanical compo- 
sition. No. 105, however, was taken from a field which was developing halhr 
and hence is not suitable for growing normal crops ; still, barley and fodder crops 
do quitewvell in this soil. No. 106 is a sampjle of soil from a piece of land which was 
under the rotation wheat, toria, cotton, and represents one of the best soils on the 
farm. The average yield during the last live years has been 23 maunds per acre 
of wheat, toria 6 maunds and cotton 9 maunds. No. 107 is a sample of soil from 
grass land on the farm. Samples 108 and 109 are from a plot which was under 
■wheat.- 


Samples No. 97 to 100 are from the Hissar cattle farm. Hissar may be said to 
represent the Bagar tract of the district although some of its area falls in the Hariana 
tract. The sample examined contains a high percentage of clay, but the 
presence of a considerable quantity of fine sand imparts to these soils the charac- 
teristics of a sandy loam. The soil represented by Nos. 99 and 100 are coarser 
grained than the others and more suitable for wheat, oats and barley. This soil, 
how’-ever, produces good crops of sugarcane and cMri, when manured. 

Samples 101 and 102 represent soil and sub-soil samples respectively from per- 
manent rice fields in the village of Rasulpur (Tehsil Sirsa) and are representative of 
the soil in that locality. The soil as the mechanical analysis shows is a hard, clayey 



soil containing 25 per cent, of clay. Nos, 103 and 104 are soil samples from the 
village Sikandarpur of the same Tehsil which is suitable for growing sugarcane, 
maize, potatoes and vegetables. 

One remarkable feature common to all the soils from Hissar is that their lime 
content is higher than that of any others of the district, while in regard to the other 
constituents they are similar to soils from Hansi and Sirsa. Correspondingly, 
the lime and magnesia ratio is high, in fact, higher than in any of the average 
soil samples from Hansi, Hissar or Sirsa. 

There is one noteworthy feature about the two soils from Sirsa, their lime con- 
tent is about the same, but magnesium in the soil from Rasulpur is about tlu'ee 
times that found in the Sikandarpur sample. This difference reflects itself in the 
lime magnesia ratio, which l>ecomes 2*23 the highest for any of the soils examined 
so far in the entire district. At present there vseems to be no explanation for 
this difference ; no doubt the soil from Sikandarpur is sandy and that from 
Rasulpur a heavy medium type, but we do not get lower figures for magnesia in 
sandy soils as a general rule. 
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2. KrmM. 

The Boils in this district are of a wry diverse/ charae vaiyiug from fertile 
loams to stiff clays which are covered with dense thickets of iJhah {Luleci Fiimdosa), 
A great portion of the land in the district is watered by the western Jamna 
canah while floods from' the Saraswati and other streams are helpful in raising 
crops, such as gram from the area commanded by them. The flgiires for two samples 
of soil from the well irrigated areas of the district ere given under Nos. 110 and 111 
of Table I. Sample Ko. 110 was taken from, a plot in Samalkha and is best siiiti^d 
for growing wheat. This soil, with sub-soil water 13 ft. below the siirlace, is vei*}' 
well drained/and jdelds on an average 20— 25 inannds of wlioati per iiere. The 
general rotation practised is wheat, sugarcane, wheat. Siigareane is geiieraflv 
manured at the rate of 20 cart loads of farmyard manure per acre, but wheat i.s 
seldom manured. The yield of sugarcane is 40 to 50 maunds of gur from thr 
Suretha and Lairi varieties. Sample No. ill was taken from the village Manana,, 
where sugarcane is the chief crop grown, yielding an averagt^ rd' 5c^ maunds of 
per acre. The rotation followed is sugarcane, wheat, cotton, Both sugaxca-ue 

and cotton are manmed, the former at 20 — 25 cart loads per acre and the latter at 
12 — 15 cart loads only. The new varieties of sugarcane such as Co. 205, 223 and 
213 are now giving much higher yields, about 80 maunds of gur per acre. Th(‘ 
soil is good and well drained and carries a hard clay subvstratum at about the 7t!i 
foot, while the depth of the sulnsoil water is about 19 ft. Other analyses of soil 
samples received from the Deputy C-oinmissioiier of the Kariial district in flu? year 
1914 are given under Nos. 112-118. 

Nos. 119--:-124 are samples of surface soils and sub-soils from the Imperial 
Cattle Breeding Farm, Karnal, having been taken respectively from plots Nos. 3, 4 
and 6. No. 125 is from plot No. 2. As will be seen from the analysis, the soil of 
the farm is a light medium loam, and, as experience has shown, gives a, very good 
crop of wheat, the average yield Ijcing 20 — 25 maunds. These soils can with ]>rope3' 
manure and irrigation l)e made to yield very good crops of sagarciUic. tJie (‘limatie 
conditions for which are very suitable, owing to the absence of frost. 

3. Ferozcpiir. 

This district consists of a flat alluvial plain well wooded in its nortlnun half, 
bur very bare in the south where it is absolutely without hill or (uninence of any 
description and devoid of rock and stone. 

Wheat and gram are the most important crops, rice and mai^^e being grown an 
the inundation canals, while Moth {Phaseolus aeMmtijolim) is the elnVd (‘rop of tbt^ 
sandy tracts. Little sugarcane or cotton is grown. A large portion of tlie district 
hasrecently come under irrigation, by waters frotn the Sutlej valley <*ana] projects. 

Sample No. 126 in Table I was obtained from a tract f*ommand<al by both iimm 
dation canals and well imgation in Fero?;epur Tehsil Wator ptrcohites with 
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diffionlty and on drying the land becomes 'rather hard. It is usnally put under 
wheat and gives an average outturn of 20 maiinds per acre. The spring level is 
generally about 10 ft; from the siirface. 

Sample 127 was obtained from a village, Sada kSinghwala in the Moga Tehsil, 
whose land is irrigated by canal Avater and is generally put under gram, although 
a study of its physical constituents and chemical analysis indicates that it is suit- 
able for more paying crops. 

Samples Nos. 128 — -131 were obtained from the Military Dairy Farm, Ferozepur 
cantonment and represent light medium soils quite well suited for groAAung sugar- 
cane, wheat and gram. Nos. 128 and 129 are the surface soil and sub-soil samples 
from plots 5, 6 and 7 on the farm which are under wheat, gram, barley and oats. 
Samples Nos. 130 and 131 represent soil from plots 3 and 4 Avliich is not so sandy 
aud groAvs make, barley and lucern. 

4. Jullundur. 

This district forms an irregid^^^ triangle with its base on the river Sutlej. No 
hill or rock breaks the monotony of the plain which forms a zone of rich cultivable 
soil skirting the foot of the Himalayas and was regarded by the Sildis (before the 
present canal system came into existence) as the garden of the Punjab. Sandy 
patches are found at places, and with these few exceptions one vast sheet of luxuriant 
and varied, vegetation spreads over the plain from end to end, A complete failure 
of the rains seldom occurs, and, assisted by the protection afforded by the numerous 
wells, the soil is on the A\4iole sufficientiy charged with^^ m to resist minor at- 

tacks of drought. A large portion of the district consists of good alluvial loam; 
though patches of cla-y and sandy soils also exist. Tracts are also known which 
contain a considerable quantity of large nodules oi Jmikm' in the sub-soil layers. 

The only anatyses available are from samples obtained from Rahon, near the 
eastern corner of the district. Samples 132 and 133 in Table I show the analysis 
of these soils. No. 132 Avas taken from a light soil, Avhile sample 133 represents 
a very fertile heavy loam. The chief sources of irrigation are wells and flood water 
from the. river. The aAmrage yields of crops from these heavy soils per acre are : — 
wheat 15 maunds, cotton 6 maunds, make 12 maunds, and rice over 20 maiinds. 
Tn the absence of irrigation facilities, the sandy soils are seldom put under crops. 

No. 133 is the heaviest fertile soil in the ProAnnee we have met with. The 
average rainfall in the locality is 20 to 30 inches and it is quite probable that such 
a soil, if situated in arid tracts like that of Multan or Muzaffargarh, might prove to 
be quite uncultivable and unfertile. This is an illustration of the fact that climate 
aiml locality very largely determine the properties and character of any soil. 

5. Tjahore. 

The Lahore, district presents iui almost uniform level surface from end to end, 
with 1iar<!ly aJU" variety in its physical features. Its soil is inclined to be dry, but 
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ill parts near the Amritsar border good sandy loams are met with. The well wati^rs 
specially ill the tract between Patti, Kasoor, Racwind and Kaaa Kacliha are in- 
clined' to be'" saline. 

Two samples of soil from, this tract are on record. No. 135 in Table I was 
taken from a village named Jodhn in the Lahore Tehsil. It is a very good 
soil, well drained, and is generally put under a heavy cropping system, the chief 
rotation followed being wheat cotton ae»?yi-sugarcane. 

Sample No. 136 was taken from the District Board farm at Rae wind and is fairl}-' 
representative of the saline tract mentioned above. The soil is i^ery fertile mid 
grows good crops of wheat, maize and sugarcane. The sub-soil water is general lly 
at a depth of about 20 ft. 

6. SheikJmftmi. ■ 

This district is a new one having been until quite recently a part of the Lajiort^, 
Giijranwala, Sialkot and Lyallpiir districts. 

3Iost of the land in the district is irrigated by the Upper Clienab Canal and the 
Lower Ghenab Canal, and on account of seepage of water from tliese canals, a vast 
tract of land near Ohichoki Mallian has become waterlogged and consequently 
unfit for cultivation. Rice is the chief crop grown in the greater part of the district. 

The eastern tracts of the district have another source of irrigation in the river 
Degh which, rising in the Jammu hills and flowing through the districts of Sialkot 
ami Gujranwahr, enters Sheikhupura district at its extreme nortli-eastern border 
near Sadhoke and continues for most of its course to flow parallel to the eastern 
l)oundary of the district. At Tappiala it branches into two portions, one portion 
borders the large village Kot Pindi Dass and the other Kuthiala and Khanpur. 
The latter branch is called the chhoti Degh. The}’ again join near the village 
Dhenga and after flowing for some miles further, the stream falls into the Ea^i. 
The Degh is most uncertain in its supply of water, being principally dependent 
on the rain from the hills. At times, however, the stream descends with great 
rapidity, and ihs waters overflow" the country for miles on either sides. In t]n» 
hot weather it is nearly, but very rarely, quite dry. Above the village of Udi -I’i 
the water has to be raised by Jhalars of Persian wheels, but lielow it irrigation 
can he effected by the natural flow of the water. The deposit left by the flow is 
rich and the l')est rice is grown on lands which have been submerg<‘d by it. 

No. 137 in Table I is a sample of a very good soil which generally gives an outturn 
of 15—20 maunds of wheat, 6— 9 maunds of cotton, 30-- 10 nuuuuls of sugarcane 
{(jar) and 12 to 15 maunds of toria {Bmsdca Napns). 

No, 138 is a sample from a soil which represents a fair average of the tract. 
The average yields obtained on this tract of land are from 12 — 15 maunds of wheat. 
5—0 maunds of cotton, and 8— 10 maunds of J^ugareane is sihlooi grown, 

Samples Nos. 139 to 150 are from different types of soils but; al! growing wheat 
under different conditions of irrigation; these being rt*cent <'anal irrigation, old 
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canal, .irrigation, barani and well irrigation. Eacb. snccessive set of 3 soils repre- 
senting sandy, loam and clay, being under the above mentioned four types of differ- 
ent irrigations respectively. A glance at the figures of analyses will show that no 
correlation appears to exist between the chemical analayses and any particular 
type of soil. 

The water level is generally 27 to 30 ft. from the surface. 

7. Gujrat. 

The Northern corner of this district is crossed by the Piibbi hills, a low range 
forming a continuation of the salt range and pierced by the Jheluin at Miing RasiiL 
Immediately below and surrounding these hills, a high sub-montane tract extends 
across the north of the district from the Jhelum eastward. But the greater part 
of the district lies on the Indo-Gangetic alluvium. The sub-montane portion con- 
sists of a good firm soil of reddish colour with an admixture of sand. The portion 
in the plains, however, consists of a rich reddish loam. 

Samples Nos. 150, 151, 152 were obtained from Chillianwala and represent 
soils which are chiefly suited for sugarcane, gram and rice respectively. 


5, The North-West dry area. 

1. Montgomery, 

This district occupies a great part of the tract known as the Ganj i Bar. 

The land in the two Telisils, Montogomery and Okara, with the exception of a 
small tract near Kamalia, is irrigated by the Lower Bari Doab canal, while the 
Depalpur and the Pakpattan Tehsils are irrigated by water from inundation canals 
supplemented by water from 'wells. During the next few years, however, it is ex- 
pected that the whole of the district will come under irrigation from the vSutlej 
valley project and the proposed extension of the Low^er Chenab Canal. The soils 
of the district comprises some very good loams and also some very hard soils quite 
unfit for ciiltivatiozi. Soils impregnated with soda and other salts are not uncom- 
mon. 

The Agricultural Department possesses an experimental farm at Harrappa 
where the problem of reclaiming 6am soil is under investigation. Some descrip- 
tio.n of these inferior soils will be given later. Confining attention for the moment 
to the. good soils in Table I, samples 153— 157 represent specimens of normal 
soils of the district. Cultivation of these lands has been of a, very recent introduc- 
tion (the canal having been opened as recently as 1914) and they are capable 
of producing very successful crops of American cotton, Desi cotton, wheat, sugar- 
cane, toria and maize. 

Samples Nos. 158 — 162 are from the Coleyana Estate, Okara. Nos. 158 to 161, 
from squares 25, 26, 43 and 45 respectively, are specimens of good sandy soils suit- 
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able for lucerne and oats, but equally suitable for growing ciiarree, shaftal and other 
cereal crops. No. 162 is a sandy, soil approaching a mediiim/loaiii, arid is one , of the 
best soils on the estate. 

Soils Nos. 163 to 166 are from the Agrieiiltural Department’s old Seed Farm, 
and 167 to 172 from the iie\T Seed Farm. Nos. 163 and 164 are the soil and sub- 
soil samples from scpiare 17, linel, and 165 andl66 from square 15, line 3. On the 
basis of their mechanical analysis, both these soils (Nos. 163 aiid 165) belong to the 
giroiip of sandy soils ; but since almost all the sand present is fine sand, the soils 
approach the medium loam type which is suitable for growing almost all crops. 
The 6 samples, Nos. 167 — 172, are the soil and sub-soil samples from square, 15 
Held 11, square 28 field 1 and square 12 field 25 on the new seed farm. The first 
of tliese resembles in texture soil Nos. 163 and 164 al)Ove, uddle the last is a light 
medium soil. 

2 . LyaMpuf, 

Tiie district Wits constituted in 1904, mainly from villages transferred from Jbang, 
with the addition of a certain number from Montgomer}^ It comprises most 
of the high table land between the Chenal) and the Eavi rivers and is now irrigated 
by the Lower Ohenab canal. The climate is very hot in the hot season and the 
rainfall very low, about 12 inches. The sub-soil water is very low;, about 
58 ft., but hiis been steadily rising in recent years. The soil is a tine loaiii, except 
in the Tolnt Teh Bingli Tehsil where it becomes sandy towards the w'cst. 

From 8 to 10 ft. below’- the surface, the sub-soil is extreniel}^ ^"^andy, lienee the 
soil is very well drained and water percolates w^ith consi<lei*abIe ease. The water 
level is about 60 ft. from the surface and has risen about 3 ft. during the last ten 
years. 

Beveral borings have been made extending to the siil>-soil w'att^r level in eonnee- 
tion with work on the movement of moisture in the Lyallpur sruls. Talde III 
shows the figures for the mechanical analysis of each suecessi\'e 2 ft. column of 
soil. A glance at tlie figures obtained from these iiorings will slmw how' very sandy 
are the lower strata of the sub-soils in the Lyallpin district. 

Other analyses of soil samples obtained from the Governnicut Agi’i^uiltural Farm 
at Lyallpur and other parts of the district are prcsent(‘d in numbers 17 i to 185 of 
Table 1. Nos. 182 to 185 are surface soil and sub-soii samples from sc{iiare 10 
and 29 respectively on the Lyallpur Agricultural farm. Both, these soils are sandy, 
the former being a comparatively poor soil having been muler various creeps, 
as barley, wheat, oats, during the last fi.ve years. The latter nqyresents soil 
from the Botanical garden wliich has been found to be very \vi41 suited for gvmvhig 
citrus trees, mangoes, dates and other fruits. 

No. 173 may be considered to represent a. typical soil of the district. From 
an inspection of the analyses of otJier samples, it will be seen that the seals of this 
district are of a distinctly sandy nature, lacking in humus, but smamssfully prodne- 
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ijig cottoji, wliea,t, Ksugar(j 0 ;iio, loricL maize, vegetables and fodder crops, Tlie cliief 
rotations followed are: — 

L wheat, Avheat-iioTO, cotton. 

2. wlieat, cotton, wheat, 

3. maize, mnji, sugarcane, wheat, 

h wheat, cliari and guani^ gram, cotton. 

The a.veragc yield for these crops are 

Wheat : — 16 niaunds, toria 8 maunds, cotton 8 iiiaunds. loaize 16 niaunds, 
f<e/7ji (green) 250 maunds, gram 20 maunds, sugarcane 60 mauncls (giir), chmi imii 
(jiiara (green) 800 maunds. 

Oranges, lemons and malta,s have also done particularly A^elL 

It has l^een estimated that alkali land to the extent of about 175 square miles 
exists in this district representing, from absence of cultivation, a loss of about 
Rs. 100,000 annually in revenue alone. 

8 . Shahpiif. 

With the exceptioji of that portion of the salt range which is included in the 
north of the Khushab Tehsil, tlie whole of this district forms part of the great Inclo- 
Gangetic plain. 

In the valleys of the Jheluin and the Chenab, and in the plain between, the soil 
for the most part is a very fertile sandy loam interspersed wdth patches of clay 
and sand. The portion covered by the Tlial consists chiefly of saiid hills with oc- 
casional patches of hard level soil and tracts of ground inpregnated with salt on 
which practically notliing grows. 

In Table I, Nos. J86, 1S7, 188, 190 to 196, and 206 to 213 vv'ere obtained from 
the Sargodha Remount Depot, soil No. 186 being particularly good for growing 
wheat ; cotton does best on No. 187, and No. 188 responds very Avell to sugarcane. 
In fact, Nos. 187 and 188 would, under the cirounistances, grow good crops of 
wheat, cotton, sugarcane, ma ize and toria. 

Soil No. 189 is from the Oamel Corps Farm, Sargodha, and is deficient in nitrogen 
and phosphates. The analyses shows that soils Nos. 190 to 196, reported as poor, 
are not deficient in plant food but require proper cultivation. No. 194 is, however, 
calcareous and poor in phosphoric acid. 

Samples Nos. 206 to 213 represent the surface soil and sub-soil samples from 4- 
different places on the farm, Sa, tuples 206 and 207 are specimtuis of a light medium 
soil from square 366, under the rotation, chari, fallow, linseed and oats. Samples 
208 and 209 are from square 207, a type of mediiun soil bordering on heavy loam. 
This is the heaviest soil on the faim and one of the best as far as yield is concerned. 
The rotation generally followed is berseem, oats and lucerne, sugarcane, wheat 
and cotton ; in fact, all kinds of crops shoidd do equally well. hSamples 210 and 
211 are from square 64 and represent a light sandy soil suitable for growing gram, 
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hixThy, I'tc. llie rotation lollowed lias been gram, burlt‘}% {(hrnv as green maimre), 
haa’lev and chari. The last two samples from the farm are from ptnananent grass 
plots used for grazing and making hay and represent a medium silt soil, one of tlie. 
lH\st types of soil from an agricultural point of view, 

Samples Xos, 197 to 205 were taken from the Remount Depot, Mona and 
represfuit all the difterent types of soil met with on the Depot area. Soils Nos. 197 
and 198 are the surface soil and sub-soil samples from square. 72 which comprises 
a nuHlium silt soil capable of growing oats, barley and citrus fruits, etc. The rota- 
tion actually followed on the area is, chari^ fallow, lobia, fallow, oats, fallow. Soils 
N(is, 199 and 290 are specimens of a medium soil witli a high percentage of clay 
but considerably modified by the presence of a considerable admixture of sand. 
The area has lieen kept under grass, but the soil is of a quality such as to be well 
suited for wheat, oats, chari, lobia, etc. In samples 201 and 202 (square 33) wc 
have a light sandy soil which should do quite well for ynoth, barley, gram, etc. 
Bamples 203 and 20i (square 125) represent a soil similar to that of Nos. 197 and 
198. It should grow all the crops for wldcli the previous soil is suitable; as a 
mattiu* of fact, it is used as a permanent grass paddock. Soil No. 205 is the first 
foot sample from square 105 which is under lucerne. 

4. Jlimig. 

The district is divided into e3 portions, m. — 

(a) The tend lying towanl the east of the Chcvab li;mer. 

The- soil here is an alluvial loam more or less mixed with sand, and, on the whole, 
oxt-iMnnely fertile, and is commanded by tlie Lower Chenab Canal. 

{h) The Tract lying between the Chenab and the JhelunK 

This is irrigated by the Lower Jlielum Canal and the soil is generally good ex- 
ce])t that in many places it is impregnated with salt and therefore unfit for culti- 
vation. 

(c) The portion lying ‘ivest of the Jhelurn, . 

This is a poition of the famous tract known as the Thai. The Great Indian 
Desert, which borders the whole southern limit of the province sends out two 
arms which embrace the actual country of the five rivers. That on the east takes 
in a great part of the Phulkian state, with its ajiex near the town of Ludhiaiiu. The 
western arm (locally known as the Thai) extends from the Sind border up the 
Indus valley to the south-west angle of the salt range. The eastern chain oi‘ sand- 
hills and alternating barriers has of late, however, lost much of its deseit* ehiirae- 
ter through canal extensions. The Thai which constitutes the gi‘('*at Btappe in thv 
Sind Sugar Doab, consists of a series of rolling sand-hills fornuMl. by tlie wind, viliicli 
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run i)arall(>l to the great barrier formed by the salt range and are broken by valleys 
in which the original surface is exjposed. In some of the eastern parts of the Thai 
the sand hills are very high, in others the groimd is perfectl}’' level for miles. A 
scanty rainfall, a treeless sandy soil, and a precarious and scattered pasturage mark 
tliis out as the most desolate tract now remaining in the Punjab. Much of it is 
real desert, barren and lifeless, and devoid not only of bird and animal life but 
almost of vegetation. 

Nos. 214 and 215 in Table I show the analyses of samples of soils from a village, 
Bagh, in the canal irrigated tracts of the divStrict. Containing as they do an ex- 
cess of coarse and fine silt, they form very good soils for crops such as wheat and 
cotton. , 

5, Multan/ 

The Multan district is almost entirely encircled by the confluent streams of the 
Chenab and the Jheluni which unite at its south-western extremity. The soil of 
the district is of a uniform alluvial nature, with sand everywhere at a greater or 
less depth from the surface. From an agricultural point of view, the district 
may be regarded as composed of 3 distinct tracts : — 

(а) The riverain tract. 

(б) The tract irrigated by the Lower Bari Doab canal and tlie inundation 

canals and wells. 

(c) The Bam (unirrigated). 

In Table I, sample No. 216 represents a soil from the tract irrigated by the in- 
undation canals and wells, while sample No.. 217 represents a good soil from the 
area covered by the Lower Bari Doab canal. Analyses of samples , from other parts 
of the district are given under Nos. 218 — 229, of the same table. 

6. Muzaffarga^/fi, 

This district occupies the southern area of the Sindh Sagar Doab. The wild 
Thai of the Doab extends as far as the middle of the district and occupies more 
than half of its area. A brief description of the characteristics of the Thai has 
already been given. 

Of fche remaining land, that lying alongside the two rivers is subject to heavy 
floods, but the central portion is protected by embankments and is within eany 
reach of irrigation facilities. This portion accordingly is rich and productive and 
many large and prosperous villages are to be found in it. 

Samples Nos. 230 and 231 in Table I have been taken from the irrigated tracts 
of the district where irrigation conditions are favourable. Most of the soils, of 
\s’'hich sample No. 230 is typical, are put under rice. Otherwise, the soils taken 
as a whole also produce very good crops of wheat and cotton. Lately, however, 
considerable attention has been paid by the Zamindars to the development of fruit 
i3*ees such as the date palm, mangoes, pomegranates, etc., and it is Imped that in 
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tlu: iu;ar fut.nre |HJiivioii oJ: the MozafiiiTti'arli distrirl. will hr iimj-r partiiuilarly 
ihvnteil to fniit .gi‘o\viiig, .speeiaJly t-ljr date palio, for wiriel). oN\iiiu t,o tie*, saliae 
natuiH* of tjie soil, it is 

SaH; ineriistatioius are eominoit in, tJi.e. Muzalfargarli '.reksil. 

7 . Delwd: G/mzi KIhuk 

Idiis disirrie.t is sitiuited to the west ol; tlie fiulus. (hi the nurtb. skh^ it is mouu- 
taifious. hilt the gnaiter part of tin*, distriet lies on tht^ alluvimn of tlie [dains. 

The soil varies iroiii a ricli loam to an nlluA'ial elay as we jaiss from the moun- 
tains to the Indus. Idle chief sources of ^ are the inandation canal from 

the liiduvs, and hill torrents Avhi eh also deposit large quantities of silt, thus adding 
to the fertility of the soil. 

Hiimpie No. 2d2 in .Table No. I was. taken from a A-^illage uaiiied. (Jlrurattio 
ddie hind is well drained and has a sub-soil laAer which is \A'}ry sanil) . The chief 
rotation follownd is wiieat. cAuri, or wheat, cotton, and an avercvge outturn of 10 
uiaunds of wlieat a.nd 5 maiiiids of cotton per acre is o’btained. 

Sanijiies No. 288 was taken Iroin a ^^il!age nainerl ihugun. This and the villagi^ 
(huratta are. both situated in the axea irrigated by inundation canals and wells. 

This land is considerably better than that represented by No. 232 and usuall}^ 
yiekls a crop of about 12 to 15 maiiuds of wheat and 6 to G maunds of cotton in a. 
rotation of whcuit followed by cotton. 

. ■ 6. :The,MechaiiicaI Analyses. 

Talde 1 gives the results of the meclunui'al analyses of 131^ surface soils and 54 
sub-soil samples representing most of the. tlistricts of the runjalo Tliese results 
aiv, rtq>rescnte(l on diagrams 2“7 which are drawn in accordanei^ with Wiisdoids 
modification of the American system ^ A glance at diagram 2 shows that 

most of the Punjab soils exaniined fall within the area re|»resented liy sandy loams 
and mciUiau hiains, although a fair proportioji are clay loams. Tlaue arc^ very few 
samples representing clay, sand and silt soils. Thus tli<‘ majo;rit\- uf the Ponjab 
soils tend to fall into gimips (described by Hall as light loaiiis andliiaivy loams), 
which, so far as the mechanical composition is concerned, are ideally gooil 
soils for cultivation, lieing good loams, siifiicieutly I'etentive oi! moisture and not 
difficult to work, and which should prodiieeVan^^^^ type of <'rop ]>ruv'ided pro])tT manure 
is given. The general inclination of the Punjab soils is towards light sand}^ soils 
(mediiini soils) rather than clays, and as such they are one of the best types from 
the points of view of soil aeration, cultivatioii, and other factors so necessary for 


^ Whittles, C-. -U A note on the classification of soils on the basis of mechanical analysis. Joimu 
Agfk Science, Vol. XTI. Pi. 2, ' 

- Wilsdon, H. H. The need and objects of a soil survey in the I'uujab. Jf/nV, JofO\ indiu, 
Vol XIV, Pt. J I, 1910. 
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siiceossfiil fariiim^^ Most of the soils have a clay coEteiit lying between 10 per 
cent, ancl 20 per cent, although quite a large number are known with a clay 
content much less than this — in some cases as low as 2-3 per cent. and. sand as high 
as 70—80 per cent. It might appear that these latter soils are unfit for profitable 
farming, but as already mentioned the mechanical texture of a soil must also be 
considered in terms of rainfall, water supply, organic matter present, and other 
factors, A soil of a certain mechanical texture behaving as a loose sandy soil in 
a district with deficient rainfall (say in Multan or Muzaffargarh) may behave as a 
loam in a district with a medium rainfall, and as a heavy loam in a district with a 
heavj;^ rainfall Kangra). Soil No. 1 from Kangra, for instance, is a sandy 
soil and Nos, 3 and 4 clay soils, but all of them are very good tea garden soils. A 
reference to. the map showing the rainfall of the Province will demonstrate that 
most of these soils are quite suitable for profitable cultivation in districts such 
as Ambala, Hoshiarpur, Jullundur, Gurdaspur, Kangra and Simla. With plenty 
of organic material available, these sandy loams can readily be made to produce 
very profitable crops. ^ 

At the two extreme ends of the scale 'sve have samples Nos. 1 and 225, The first 
one is a sample of a sandy soil from Kangra containing only 6 per cent, of clay and 
14 |)er cent, of silt, while the second one represents the heaviest soil so far net with 
containing 70 per cent. clay. These two samples demonstrate the effect of sand 
and clay on soils when these are present in abnormally high quantities. While 
it is possible, by suitable means, to raise crops from sandy soils, it is hopeless to 
expect any very good results from soils containing 50 per cent, or more of clay. 
Soil No. 1 grows a very good crop of tea, while soils Nos. 224 and 225 are imsuita- 
able for growing even grass ; nothing but sparsely scattered, dry parched shrubs 
grow upon these, 

7. The Chemical Analysis. 

L Nitrogen, 

Before attonpting to discuss the nitrogen figures presented .in Tables I aiul 1 V, 
it may be pointed out tliat experiments have been in progress !)otli in the .Held 
find in the Laboratory at Lyallpur to find out the amount of nitrogeji Hx<‘(l in tlie 
soil and the factors that are responsible for the fixation. The. results obtaiiuKl 
have already been published ^ and from them it will be seoji that soils in 

^ La.ud(T, 1\ .E,; Wilsdoa, B. H.; & Mehta, M. L. A study of the factor^^ operative iu the vaiuo of 
green manure. Affri. Rm, hisliiuit, 

“ Lander, P. E. The Experimental Sullage Farm, Lyallpur, Biiil. No. 157 , Ami, MemtrcJt ImlliHle, 

Piisa. * 

Lander, P. E. Report on the operations of the .Dept, of Agrieultio'e. Punjab, for the year endiie^ 
30th June lt)23, l^art I, pp. XX. ' ' 

^ Lander, P. E., and Barkat Ali. Nitrogen axatioii in the Punjab. McoioRs of tU Dept, of A(pi , 

/lad. ' J J 

* Wiisdon, B, H., and Barkat Ali. Nitrogen fixation in the Punjab, ^io^l i^ckncc^ Vol. XI V\ 1U22, 
No» 2« ■ ^ 
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tiic Punjab arc capable of fixing Jiitrogeii Ycry rapidly and to as liigh an extent 
as 75 per cent, or in certain cases even 100 to 200 per cent., altliougli losses to 
the extent of 25 to 40 per cent, due to denitrification have also been found. 
The largest and most frequent losses have been found to take place in the month 
of August, and this is confirmed by the results given in the report on the 
sullage farm at Lyallpur. From the curve presented in this report., it will be seen 
that in the month of August there is a loss of nitrogen to the extent of 600 lb. per 
acre. At Rothamsted samples of soil were taken every two hours for the 
estimation of nitrogen aud it was foimd that something approximating 80 ib, of 
nitrogen was fixed in a single day but subsequently lost in the evening. It 
would appejir therefore that the time of taking- samples of soil for analysis will 
very greatly influence the amount of nitrogen found and in discussing nitrogen 
ligures it is important to keep these fluctuations in mind. 

hVom the data presented in Table IV, it will be clear that the nitrogen content 
of the Punjal) soils^ with very few exceptions, falls within the limits of 0*025 per 
cent, a-ial 0*100 per cent, althougli most of the soils presented have a figure higher 
thiUi 0*04. the average of 166 samples being 0*06 per cent. Figures as low as 0*01 
(No, 115) and as high as 0*16 (No. 133) may also be noticed. The nitrogen content 
of the sub soils is slightly lower, the average figure being 0*05 per cent. A refer- 
ence to the literature on the soils of the Hancock County of the U. S. A. and of 
Kent; and Sussex in England \ wdll show that the nitrogen content varies 
from 0*15 to 0*45 in the soils of Kent and Sussex and from 0*1() to 0*25 in the soils 
of the Hancock County. This means that the Punjab soils are 50 to 200 per cent, 
poorer in nitrogen than those of the above-mentioned countries, although most of 
tlui soils of the southern states of theXTnited States of America, fall within tJie same 
range of nitrogen content as do the Punjab soils. 

2. Organic Matter {Loss on igniliori), 

dlie PiLiijal) soils taken as a whole are deficient in organic matter. The avcrag<5 
oC J20 samples works out to 3*75 per cent., while figures as high as 10 per cent, or 
even more arc given by certain soils. from Attock. Most (d’ the Punjab soils 
(‘.oiitaiii 2 to 4 per cent, of organic matter. Similar figures f^rr soils from Kent, 
Sussex and North A¥ales*^ lie/bctweeii 2*62 to 1 1*21 per cent., whilo ForAmoricaJi 
soils tli(\v lie between 2*6 to 9*27 per ceut.'^ The red river \'alley (America) soil 
contains no less than 26*3 per cent. orga)uc matter. 

In Tabic IV tlie ratios of the nitrogen content to the loss <m ignition of the 
majority of soils in the. Punjab are given. It will be observed that witli very few 

^ Smith, R. S. Hancock County Soils. Soil MepoH Ho. 27, x\giicultural E.xperiinental Station , 
liiinois University. 

- Russel, E. J. Modem applications of Chemistry to crop proUuctinu, 11)22. 

^mohinsou, G. W., and Hili, C. F. Further studies on the soils of Xoith Wales. Jourmi A^jrknh 
Ofrd Volume IX, 1919. 

^Robinson, G, W, Variations in the Chemical composition of Soils. V S, *L Deptt. Jgri. Bull, 
.hSU,1017. 
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exceptions (wliieh may partly be due to errors introduced in certain cases in the 
determination of this figure), the ratio falls between 0*01 and 0*02, i.e., nitrogen 
constitutes from 1 to 2 per cent, of the loss which occurs on ignition of the Punjab 
soils. 

3. Lime. 

The manifold functions of lime in the soil render the question of the lime content 
very important. It not only keeps the soil in a flocciilant condition and helps in 
. the decay and nitrification of organic matter, but also preserves the soil flora 
against fungoid diseases and exercises considerable influence in the selection of 
manures. Diagram VIII represents graphically the quantity of lime present in some 
: of the districts of the Punjab, It is based upon the limited number of soil samples 

so far examined which in some cases are far from sufficient to justify one in strik- 
I iiig an average, while in ofchers^though the number is not very small — ^the soils have 

been taken from but a limited number of localities in the district and hence are 
not representative of the whole tract. They are, however, represented in the dia- 
gram as indicating a possible method of classification or interpretation, but the 
diagram will undoubtedly require considerable modification as more data accu- 
mulate. The black circle indicates the amount of lime present in soil from a parti- 
cular district in terms of relative average percentages. It will be seen that with 
the exception of Ferozepux there appears to be a tendency for the lime content 
to increase progressively fr din the Himalayas to the south-west. One may note 
here that Barnes and Barkat AlP observed that the ferrous iron held in solu- 
tion in the sub-soil water progressively increased from the surface downwards, 
and also with the distance from the Himalayas. It is apparent from the diagram 
that, the curve of increasing lime content follows the course taken by the rivers in 
the Punjab, the soils in the north-west dry area being much richer in lime than 
the soils in the trans-Gangetic plain or even in the sub-montane tract. The soils 
I from the hilly tracts of the Kangra district show but a very small percenhage of lime, 

and it would be interesting fco note if the soils from other hill districts show corre- 
sponding features. At present the only other soils from hilly tracts examined are 
those from Attock, but these, as we have already pointed out;, are quite abnormal.^ 
It may be argued that the soils situated in the north-east of the Punjab are 
deficient in lime. This, however, is an assumption which needs qualification for 
the following reasons : — 

L The samples examined were all taken from plots which represent good 
fertile portions of the tract and w^ere giving good yields of crop, 
which compared favourably with those raised in earlier years. 

^ Barnes and Barkat Ali. Gkaiybeate waters from tube wells in the Punjab ; tkeir significance to 
I KiuBicipal Engineer and to manufactoer. AgricuUuralJoxir.of India^Yoh'Xll, 1^1%. 

I ; ^ We have also examined some soils from Srinagar-Kashmir, (analysis not given), but Srinagar 

* situated on a plateau of bigh altitude, and the locality from which these were taken situated at 

I the foot of a small hill called Mahadev, does not show the eharacteristics of hill soils. The 

* analyses of these soils therefore, is not comparable with those of the Hangra soils. W^e hope to 

I . take up the study of the hill soils separately. 

I . ' ■ ' 


If 
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2. The addition of lime to such soils has not resulted in any increase in the 
crop yield. 

sihle +tf ff ^Ucation of lime deficiency but it is pos- 

^ It that the quantity of hnie present therein may be o-xhausted much sooner than 

from soils m regions of high lime content and hence carefuliv controlled observa- 

MOHb are necessary as time goes on. 

C progress at the present time in the. bvallpur Laboratories 

to study the relationship between the mineral eoiistituents of the soil and the nu- 
tritive value o crops raised therefrom. This work when comideted should give 
some insight into the connection between the lime content of soils and the vield of 
various crops. As has been found, a great deal of linn is r.mmved by crops from the 
soil, more especially by fodder crops such as, Luceru,. mid Alfalfa': and the a,Z- 
tioii of couhnmg these crops to particular areas or td’ liming soils on which 1hese 
are grown suggests itself for careful eonsi.lcration. At present the soil w i l 1 e 
o«^st lime conten may still bo sulFiciently rich in this mineral to produce sa is'- 
factory crops, but future depletions ofthe soil with consequent dcLiorafion of 

lAops from the point ol view of calcium (‘ontent ami geiiera.l mineral balance <le- 
serves careful watch and attention. 

It might appom from such information aa ia at present arailsW,, that tliero is 
some defimte rejativo proportion of the mi, total elements neeessate for the diHet- 

boil for the locality, Irat If this balance of 1,1a, I* food in the soil is disturbed by 
removal or .addition of food ingredients then it may believe aliiiormollv. ^ 

Iho data at prosent available, however, render' it neces.snrv to pi™.nt such an 
opinion with some reserve and a much closer ,u„l more detailed stiidv of these 
soils » essontal in order that one may be in a piisition to diagnose timir p,e,„.„t 
condition and take due step, for the upkeep of their fertilitv. The pietiire which 
we have ondeavourd to draw shows that the .i.,e.,tio,i of tiie lime cLtcnt is but 
one of the many future lines of investigation. 

4. Lime and ilfa<jrncsj«. 

The two metals calcium and magnesium are vfny clostdv associated in nature 

t^oxide they constitute the limestone beds of the 
world. ^ Magnesium is an mdispe^able plant food and so is lime. Both are found 
in the seed of the plant, magnesium even more so than calcium. 

earnty ajac ameron itt Anierica have shown that sa,Its of magnesimn iios- 

seas, even m solution of great dilution, a toxic affect upon the roots of the plants 
which IS conmdetaWy diminished it calcium salts be also j, resent at the same time’ 
Lo» has, at the same time, indicate,! that a comparative e,vccss of „m„„e„i„m 
over calcium m the case of cert ain soils results in .sterilityd Thus we .sec that 

' Hall, A. B, The Soil. John Mniray, Albomero Street London, W., 1921 . ~ ~~ 
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great importancje attach^^^^^ soil chemistry to the lime: magnesium ratio. Gila 
and Ageton (Jour,^ Inchist. and Eng. Ghem. 1913)j have found that certain fertile 
soils have a ratio as big as 500 : 1. However, in the case of most of the soils the 
ratio varies between 1 : 1 and 7:1. 

The quantity of magnesia in the Punjab soils does not vary so greatly as does 
that of lime. Magnesia is found to an extent of 0*5 per cent, to 3*0 per cent, in the 
soils we have examined, but most of the figures fall between 1 and 2 per cent. The 
average figures for the lime-magnesia ratio of the soils tabulated in Tables I and 
V are depicted in diagram 9, from which it will be clear that the lime-magnesia 
ratio, with the exception noted above, follows with considerable uniformity the 
same order as does the lime. For most of the Punjab soils we have examined the 
ratio varies between 1 : 1 and 6 : 1. We are not yet in possession of sufiicient 
data to enable us to see if any correlation exists between the lime-magnesia ratio 
and the productiveness of the soils. 

5. Potash. 

Generally speaking the Punjab soils are not deficient in potash. The average 
quantities found for 150 samples examined is 0*72 per cent., while the sub-soils 
show an average figure of 0*66 per cent. These figures as well as those for the 
potash : clay ratio are given in Table VI. From 116 samples for which these ratios 
are given, a very large number have values of more than 0*35, while only 23 have 
a ratio of less than 0 35. Thus for most of the Punjab soils potash constitutes 
2^th to j^^th of the clay fraction. The 23 soils referred to above should improve 
with a dressing of potassic fertiliser, as most of these are heavy soils. 

6, Phosphoric acid. 

The largest amount of phosphoric acid found by Hall and Russell in their survey 
of the soils of Kent and Sussex was from 0*2 per cent, to 0*25 per cent.^ Bennet* 
in his study of the soils of the southern states of America found that the maxi- 
mum content of phosphoric acid in any soils was 0*67 per cent. Most of his soils, 
however, contain less than 0*05 per cent. Robinson® gives 0*09 as the average 
PgO^ content of 35 American surface soils. The highest phosphoric acid content 
that we have come across in any of the Punjab soils was met with in one sample 
from Dehra Ghazi Khan, w., No. 233, with 1*36 per cent, and in another from 
Shahpur No. 187 which contained 1*60 per cent, these figures, however, are very 
abnoriral. Otherwise most of the Punjab soils have a P^O^ content lying between 
0*1 to 0*3 per cent., the average of 154 samples working out to 0*18 per cent. 
The average P2O5 content for the subsoils works out at 0*16 per cent. 
(Table VII.) 


^ Hall, A. D.; and BiisselL E. J. Soil Surveys and Soil analysis. Jmt. of AarL 8ci.. VoL IV, no- 
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'7, Iran md Aluminium* 

■ ■ Iron and Alnmiiiiiim have been estimated'.' separately in 71 .surface; soils and' 50 ; 
subsoil samples (Table VIII). Most of the surface soils have an iron content lyiiig 
between 3 per cent, and 5 per cent., while the average for 71 samples is 4*11 per cent, 
although figures as low as 1*28 per cent, and as high as 5*99 per cent, are also known. 
Similarly for alaminium most of the figures lie between 4 per cent, and 7 per cent, 
the average being 5*37 per cent, with a lowest figure of 2*18 per cent, and a 
highest of 10*19 per cent. 'The average of the iron aluiiiiniiini ratio is 0*71, 
while the lowest ratio met with was found in the Shahpiix soils, m., 0*59 
and the highest in those from Amballa, 1*29. The surface soils from Hissar, 
Karnal, Perozepur, Sheildnipura and Multan have an iron aluminium ratio about 
equal to the average figure found. There is a remarkable feature about this 
ratio. As one moves from the south northwartls along the sub’-mountain tract, 
a steady decrease in this ratio is found as shown by the following ligiires — 

Amballa . ■ •' , . 1*29' 

G«rdas|)ur . . ■' * . . , • *98 

Rawalpindi. ..... . , . . • . .. .. . , ' 

Attocb . . • • ' . . . *67 


and until a considerably larger number of figures is available for these tracts, it 
is very difiicult to say whether any particular significance attaches to them. In 
the subsoils we find that the figures show a greater uniformity and also are higher 
than in the surface soils. Most of the samples have an iron content between 3 
per cent, and 6 per cent, and an alinninimn content between 4 per cent, and 9 per 
cent., the highest figures being of the same order as for the surface soils. 

8 , Aluminium-Clay ratio. 

Table VI gives the figures for the aluminium-clay ratio. Out of 103 samples 
presented, the majority, 67 have a ratio lying between 0*3 and 0*5 ; 23 have 
figures less than 0*3, and 13 more than 0*5. Thus for the majority of these soils, 
alumina constitute one-third to one-half of the clay fraction. The soils from the 
south of England have figures for alumina which are, generally speaking, one-third 
of the clay fraction^, 

9 Silica : Alumina : Bases. 

Ganssen makes the generalisation that the ratio Si 02 : AI 2 O 3 ; Bases (CaO, 
MgO, KgO, Na^O) is 3 : 1 : 1 , in fertile soils and 3:1: less than 1 in infertile soils. 
In the English fertile soils the ratio Al^O.-j : bases is 1 : L while in infertile soils it 
is 1 : less than 1 .^ 

We do not possess figures for the amount of alumina and the above bases in the 
clay fractions of the Punjab soils comparable with the above. However, these 


^ RttsaoII, H. H, Soil condition and plant growth. 
RnsseJl, E. J, Loe. cii. 
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ratios for the soil as a whole are given in Table VIII, and, taking the mean averages 
for different districts we get the following figures : — 



Residue 

AI 2 O 3 

Bases 

AI 2 O 3 

Surface Soil 

Subsoil 

Ambaila 



30*24 

•9 

30-24 : 1 : -9 


Cturdaspnr . 



21*80 


23*38 : 1 : *7 

20*20 : 1 : *53 

Rawalpindi . 



M-Ol 

2*7 

11*77 : 1 : 2*3 

16*57 : 1 : 3*19 

Hissar 



15*64 

•7 

15*70 : 1 : *56 

12*76 : 1 : *71 

Karnal , , 



15*85 

•53 

17-57 : 1 : *58 

13*55 :;i :■ , 

Rerozepur • 



13*06 

1-4 

' 13*61 : 1 : 1*4 

12*49:1:1*5 

Montgomery 



16*41 

1*4 

16-87 : 1 : 1-45 

15-49 : 1 : 1-4 

Lyallpur 



17*45 

TO 

18-76 I 1 : *95 

17*14 : 1 : 1*1 

Shahpur 


• 

11*63 

1*05 

11*30 : 1 : *94 

11*55 : 1 : 1*17 : 


It will be seen from the above that this ratio, alumina to bases is 1, or more than 
1 for the districts included in the north-west dry area. Fero^epur, which has 
most), of its tract lying on the south-east boundary of this area and has many cli- 
matic and physical features in common with this, has got as high a ratio as Montgo- 
mery. This means that more inorganic plant food is available in soils from the 
dry area of the Punjab than in soils from the southern and sub-montane^ tracts 
of the Province. Perhaps more heavy rainfall and more intensive cultivation fol- 
lowed in these latter districts is responsible for the more rajud depletion of plant 
food. 

Looking at Table IX we find there is invariably more soluble matter present 
in the subsoil than in the surface sods. Generally speaking, the bases, calcium, 
magnesium, sodium and potassium are also present in greater quantity in the su1>' 
soils. 

S. Some Important crops of file Province. 

L Wheat 

Wheat is grown throughout the Province and on all types of land. It possess- 
es considerable power of adaptation and is less localised than, for example, potatoes » 
rice and fruits. It generally does best on medium loams. Typical examples of 
wheat soils are given in Table X. These include almost all types of loam, sandy, 
medium silt and clay soils. 


^ The figures for Rawalpmdi are abnormal owing to high amomit of calcium present. 




56 SOILS OF THE PUNJAB 

2. Cotton. 

Cotton does quite well on all soils suitable for wheat exc‘ept that it (more parti- 
cularly x4merican cotton) reqixires a comparatively richer soil with a greater and 
more certain supply of water. It is less hardy as compared with wheat. The 
analyses of typical cotton soils of the Province are represented in Table XL 

3. Sugarcane. 

The analyses of those soils of the Province which have pio\'ed suitable for 
sugarcane are given in Table XIL It will be seen that sugarcane requires a some- 
what heavier soil than wheat or cotton. It has also been obser\’^e?l that a moder- 
ate percentage of gravel in a soil doe.s arot detract fxoui its value for cane produc- 
tion. Cane is the only crop which has shown any indication of a possibly suc- 
cessful yield in the abnormal ham soils of the .Montgomery distritd-. 

Soils 16 and 19 in the same Table are somewhat too light fia‘ the best produc- 
tion of sugarcane, l.>ut as they happen to lie in the su1)-montaneoiis tracts they 
receive a fairly heavy rainfall which counterac'ts to some degi’cr* the lightness of 
the soils and renders them moderately suitable for cajie. This expiunationa how- 
ever, does not hold good for soil No. 103 from Hissar. This soil, though a sandy 
loam, has the whole of its sand present as fine sand, which confers on it properties 
similar to those of silt soils. 

4. Rice. 

Some typical rice soils of the Province are shown in Table XIII. It will be seen 
that rice grows successfully only in heavy soils. 

From the table it will be clear that all the samples analysed contain either a 
fairly high percentage of clay or they are rich in silt and fine silt ingreditmts which 
tend to make a soil heavy. All these soils are very rich in iron and alimiinium 
as compared with the wheat, the cotton, and the sugarcane soils. 

The soils suitable for different crops are represented in Diagrams 3—0, aceor<i- 
tng to their mechanical analysis, 

9, Subsoils. 

The analyses of about 50 samples of subsoils art* }>ro.si‘ntt‘d in this paptT. The 
surface soil includes the soil layer sampled down to a ilepth of ont^ foot and tln^ 
subsoil represents the layers lying below this as far as the third focjt. Tiw resulf s 
of analyses of these subsoils, together with those of tin*, <*orres pom ling surface 
soils, are given in Table I (a). The mechanical com})osition of most of these, sub- 
soils and surface soils is represented graphically hi iJiagram 7. 'It is c^Iear from 
the diagram, that with two or three exceptions, the subsoil— altbmigli it has a dis- 
tinct tendency to be heavier than the surface soil — is not widely separated on the 
scale from the surface soil ; as a matter of fact iji tin* large majority of <‘ases, the 
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soil and tlie corresponding subsoil fall in one and tlie same compartment on the 
graph ; thus showing that they belong to the same soil type.^ 

From a consideration of the relative figures for the more important chemical 
constituents (Table la), we find that there is no appreciable difference in the amount 
of potash and phosphates present in the surface soil and subsoil below. Galcium, 
on the other hand7is in some cases present in greater amount in the surface soils 
and in some cases in the subsoils. The differences in the amount of nitrogen and 
organic matter, although not very wide, point to some striking conclusions. As 
a general rule, in the majority of cases, the amount of nitrogen is greater in the 
surface soil than in the subsoil, while, on the other hand, the organic matter is 
less in the surface soil. The greater amount of nitrogen in the surface soils may 
be due to the greater acitivity of the nitrogen fixing organisms in the upper 
layers. However, more extensive examination of the soils is necessary before any 
generalisation is possible. 

Such small dift’erences referred to above, however, do not cause any serious modi- 
fication in the character of the subsoil. It may be safely asserted that, as a general 
rule, throughout the Punjab the subsoil does not differ very materially from the 
surface soil either in its chemical or mechanical composition, and owing to this 
uniformity the properties of the surface soil instead of being in any way modified 
are merely intensified. 

10* The Barren lands of the Province* 

(a) Alkali Soils. 

Although much of the barren land of the Punjab owes its non~feitiiity to its 
excessively sandy nature, as in various parts of the Thai, or in some of the barani 
tracts of the Central Punjal), yet taken on the whole tJieir sterility is caustHi by 
the presence of excessive quantities of allcali salts. 

Most of these kallar lands contain only white alkali such as chlorides and sul- 
phates of sodium, but the occurrence of black alliali is not uncommon. No 
records are available from which we may accurately compute the exact amount of 
kallar land in the Province, but rough estimates show that smething like 4,000 
square miles of A-aliar exist throughout the Punjab.^ With the increasing develop- 
ment of the Punjab canal system, the problems connected with kallar and water- 
logging are yearly increasing and becoming more acciite. Generally speaking, 
these allcali salts are present in harmful degree only in the first few inches of the 
surface soils, but sometimes the subsoil layers are also found to be impregnated with 
salt, in which case problems of reclamation become increasingly diiiicult. The 
analyses of the water extracts of the alkali soils from various parts of the Province 
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are given in Table XIV and wlien a total water sohiMe figure above 0*8 per cent, 
is found it may be assimed that we are dealing wdtb a Aaiar soil. 

The chief sources of origin of alkalis in the Punjab are attributable to 

1. Movement of subsoil water currents from bigli water levels to lower ones 

and the accumulation of salt on account of the evaporation of water 
from the land to which it has drained. 

2. Contamination from salt mines. 

3. Seepage from canals, the result of ivhich is waterlogging and as a result 

of free evaporation an accumulation of salt on the surface. 

•1. The constructions of canals. Sometimes the surface drainage of the 
country is disturbed owing to this cause, the result being an accumu- 
lation of salt in the soil. 

5, The formation of vast sheets of .stagnant "water or huge lakes. 

6. Bad aeration and drainage. 

The last, according to Howard, resixlts in the production of hydrogen sul- 
phide and metallic sulphides tlirough the agency of anerobio bacteria. These pro- 
ducts, upon cultivation, improvement in aeration and draiiiage, are oxidised to 
harmful alkali salts which rise to the surface. 

The only methods which have so far been tried with any degree of success in 
order to reclaim alkali lands are, firstly the scraping of salts from the surface and 
secondly the construction of mole drains and subsequent flooding to wash the sail, 
to lower subsoil strata. At the present time the effect of ealeium in destroying the 
Soda Complex,” i.c., sodium silicates which renders the land hard and iinpermeabl<‘ 
to water, is being studied, but the work is still in an experimental stage. 


^6) Baiu. 

Bara soil is an alkali soil which presents certain very peculiar and distinguish- 
ing features. It is extremely arid, dense in texture, and most intractable. It is 
highly charged with salts and usually cracks into hexagonal shaped clods -whicli 
on drying form a thin and peculiar crust wliich can be peeled off. Water, when 
applied to the surface of Sam soil, hardly percolates at all, but mendy e\'aporates, 
leaving a surface of extraordinary hardness w'hich produces a metallic sound when 
a horse rides over it and exhibits very clearly the phenomena of mirage when seen 
from a distance. The surface layer (paffi) usually (?ontains as mui*h as 80 per cent, 
clay (Table below), and is very impervious to water. 

Meclmnical anahjsis of Paff i 


Fine gravel 
Ooarse sand 
Fine sand . 
Silt . 

Fine silt 
Olaj . 


V ' . mi,,' 

* IliL 

per cent.' 
per cent., 
■■V 7S‘40':per .cent. 
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This material, althmigh containing such a high percentage of clay is not at all 
sticky when wet, and if kept under water for an hour or so, does not pass into sus- 
pension ; on the other hand, it is possible to separate this clay into layers of several 
fine leaves. If this papri is treated with water and kept for a couple of days it 
develops a very offensive smell, but not so in the presence of mercury chloride. 
Shells of various sizes and description have been found in the bam soils from which 
fact it may be concluded that the soil was most probably deposited under water, 
the water gradually evaporating and leaving behind deposits of soluble salt. An 
analysis of typical bara and normal lands in the Montgomery district is given in 
Tables XV and XVL 

(e) Babi. 

This is a lighter type of bam. 

It has been estimated that in the Montgomery Colony alone there exists some- 
thing like 3 lakhs of acres of bam and ban types of land, and on enquiry it was 
found that another 163,186 acres of similar land are found in the adjoining 
districts. 

The problem of the reclamation of bam has presented many difficulties. An 
experimental station near Harrappa Eoad Eailway station (N. W. E.) was started 
some 9 years ago for the study and investigation of the most economical methods 
of reclaiming these lands. An economic method of reclaiming ham land has not 
yet been found, but work is still progressing and so far the application of gypsum 
followed by flooding and the planting of trees have given the best results.^ There 
is no doubt that the land can be reclaimed provided sufficient time and money 
are forthcoming. 

It has been noticed that bara land shows a tendency to pass into ordinary hallar 
both with and without any treatment with water. One square of land on the 
experimental farm was under flooding experiments in 1925, when it was kept under 
6 inches of water for a.bout 3 months. In 1926 only a part of this land was under 
water, the rest was either sown with ciian and or kept fallow. All that por- 
tion, not actually under v/ater, developed Wfer on its surface, scrapings from 
which on analysis gave the following figures:— 


percent. 

Total saline matter ... . . . . . . . , 8*15 

Carbonates , . . . . ... . . . . 0*02 

Bicarbonates . . . . . . . . . . . . 0*03 

Chlorides , . . , . , . . , . . . 2*26 

Sulphates , . , . , . , , , . , ^ 5*27 


This shows that the land has developed a very bad type of white alkali. 


1 Nasir, 8. M. Some observations on the Baiven Soils of Lower Bari Doab Colony in the Pimiab 
AgrL MmaTch ImtUnte, Pum^ Bull, 14:^, * ' 
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11. Some Vizgin lands. 

In theyear 1920, a preliminary reconnaissance of the crown lands covered by the 
Sutlej valley project (Nili Bar) was undertaken, mainly with the object of making 
a preliminary study for a more detailed and scientific smvey of these lands later 
on, schemes for which were under the consideration of Government. 

During the course of this inspection, a few samples of soils were taken from 
some of the typical tracts of the Bar and their analyses are given in Table XVII. 
It is not proposed to describe in any detail the effect of development on them or to 
discuss the best method of handling them when first colonised, but the analyses are 
presented in the hope that they will be useful for future reference. Soil No. I was 
taken from an uncultivated field of land commanded by a well (Faqirwala) near 
the town of Kabullah. The lands near by bear fairly good crops imder well irriga- 
tion. 

Soil No. 2 was taken from a tract situated on the road between Kabullah and 
Tibi Lai Beg and was covered by a forest of Karil {Capperis-apJiylia), Van {iSalva- 
Dom Ohkles) and Jand {Presopis tSpicigera) trees. It gi-ows a very good crop of 
grass and was being used for grazing cattle. The land is rather hard on the sur- 
face, but the subsoil layers are decidedly sandy. 

Soil No. Ill is from a similar tract on the same road. 

Soil No. IV. This was taken from lands situated in the village Sadullahpur 
which lies between Jamlera and Kabullah. The soil is very good and is expected 
to yield good crops when brought under cultivation. 

Soil No. 0. This sample was taken from a plot at Jamlera. It is at present 
commanded only by flood water from the river Butlej. The laud was covered by 
a very thick forest of Jand (Pmsopis Spiciyera) trees and provideil the best type 
of soil found. 

Soil No. 6. This is of the same type as No. 5 although not considei-ed to be as 
good. It was taken from land commanded by the Matewala well, but was neither 
irrigated nor cultivated. 

Soil No. 7. This was taken from a place named Bisakhiwala from the portion 
of the Nili Bar situated in the Multan district. 

Table No. XVI slrows some analyses of good soils of the Montgomery colony 
before they were first broken up for cultivation. 

From the foregoing it is clear that a considerable diversity of soil types exists 
in the Province. Taking into consideration the variety of climatic conditions pre- 
vailing in the different pacts of the Punjab, it seems obvious that a more detailed 
study of the soils of the Province is a necessity in order to elaborate suc- 
cessfully a more exact system of crop and animal husbandry. For this purpose 
a regular soil survey is necessary. A soil survey is essentially an inventory of the 
soils of the State, and corresponds to the work of the geological survey which in- 
vestigates the mineral resources, such as coal, iron, oil, etc., in order to discover 
new deposits and deterniine the extent of those already present. It is essentially 
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important that Goyernment should undertake soil investigations of this kind so 
that the soil, the primary source of wealth, may be utilised to yield to its maxinium 
capacity, and conserved in good condition to subserve the needs of future genera- 
tions. As agriculture is the chief and the only permanent basis of the wealth of 
the Province, the necessity of comprehensive studies in this field is obvious. 

The work of the Bureau of soils of the United States Department of Agriculture 
may be quoted as an example of activities in this direction.^ More than 1,220,000 
sq. miles, or over 40 per cent, of the total area of the United States, has now been 
surveyed, and the surveys are progressing at the rate of about 30,000 sq. miles 
per year. The usefulness of the undertaking has been very much increased by 
supplementing the general survey in various ways, notably with more detailed 
studies of the various soil types, their fertility needs and adaptabilitj’^ to diffierent 
crops. 

As a result of these exhaustive surveys, many experimental stations have been 
established each of which is engaged on specific soil problems specially related to 
the area in which the station is situated. 


^ Reports of the tliird annual meeting of the American Association of Soil Survey Workers, Vols 
I~VI, 1922-26. 


12. Appendix" A. 

Method FOR THE MECHAmCAL ANALYSIS OF SOIXiS. 

At Lyallpur a centrifugal metiiod of separating clay lias been introduced and 
ho.s been found to give satisfactory results with considerable economy of time. 

Tbe method followed is the same as that given by Auld and Eer^ with the modi- . 
fication that samples are prepared in a specially constructed shaking machine and 
that clay is separated by spinning out muddy liquids in a centrifugal machine spe- 
cially made for this purpose. 


Appendix B. 

The Mechanical analysis of soils. 

1. W(MeT extrmL 

200 grams of the air dried fine earth are taken up in Winchester bottle in 2,000 
c.c. of distilled water. The bottle is shaken after every 15 minutes and allowed to 
stand overnight. The muddy liquid is then filtered through a Berkefeld filter pump. 

50 to 100 c.c. of the water extract is evaporated to dryness in a platinum dish 
and weighed ; the difierence in weight after allowing for the loss of carbon 
dioxide and water gives the amount of total solids. 

Chlorides, carbonates and bicarbonates are estimated by the usual volumetric 
methods, while sulphates are estimated gravemetrically. 

2. Citric acid extract 

200 grams of air dried soil are placed in a Winchester bottle with two litres of 
1 per cent, citric acid. The bottle is occasionally shaken and the soil allowed to 
remain in contact with acid for a week, after which the extract is decanted and 
analysed. 

Z. Hydrochloric acid extract, 

20 grams of air diied fine soil are treated with 60 c.c. of strong hydrochloric 
acid in a conical flask. The flask is put on the sand bath and the contents heated 
for 8 hours at such a temperature as to cause occasional ebullition. After this the 
extract is filtered and made up to 500 c.c.s.; aliquots of the filtered extract are 
then taken for the estimations. 


^Auld and Ker. Fracfeical Agnenltoal 
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4. Organie nitrogen. 

TJie Giuming metliod, iiivolvmg tlie use of one gram of CUSO4 SHgO with sulbse- 
qiient addition of 10 grams of K^So.^ is in use at Lyallpur. The quantity of soil 
used is 20 grams. 

5. Total nitrogen. 

The nitrates are reduced by digesting the soil with 6 per cent, salicyl sulphuric 
acid. 




Table T — co^Ud, 

nalyses of the Punjab Soils — coatd. 


• 







Table I — contd. 







SOILS OE THE PUNJAB 


Table 1—cmtd, 

Analyses of the Punjab coBtd. 



Potash (available) • • 0-060 0-032 0-027 0-023 0-023 0-022 0-012 0-016 0-017 

Phosphoric (available) . . ^ 0-147 0-082 0-112 0-035 0-066 0-038 0-008 0-033 0-013 

Nixeogem (% on air dried soil) ^ . 0-063 0-058 0-052 0-078 0-075 0-052 0-069 0-078 0-048 


Table I — conti. 
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Table I (a). 

The Punjab BoUs^ 

Subsoils. 


Soil 

No. 

Nitrogen 

Urganie 

matter 

Ijime 

(M) 

Potasli 

K, 0 

.i^ho.s|)liate,s 

l-^o. 

■ lie marks ■ 




Per ceiife. on air dried material 
GUBnASPUE. 


'18 

0-059 

3-31 

0-50 

0-52 

O-iO 

Soil . ' 

Jl) 

0-000 

3-83 

0-28 

0-57 

0-l.i 

Subsoil. 

50 

0-075 

3-16 

i 

1 0-84 

1 

0--13 

0'08 

Soil. 

51 

0'(M3 

; 3-82 

0-85 

0-53 

O-OO 

SiiiisoiL 

5i3 

^ 0-033 

1-78 

0-41 ' 

■ . 0-48 

o-io' 

' Soil 

53 

1 0-006 ^ 

1-87 

i 0-39 

0-44 

()-l4 

Stibaoii. 




Rawalpindi 



54 

0-007 

3-63 

li-44 

0-70 

1 ' 0-20 ^ 

Soil ' 

55 

0-086 

4-26 

10-13 

0-59 

0-18 

Subsoil 

50 

0-041 

2-44 

li-20 

0-50 

, 0-21 

Soil^,' 

57 

0-048 

2-71 

1 

11-39 

' 0-51 

0-21 

Subsoil 

58 

0-059 

i 2-90 

9-07 

0-30 

0-10^ 

Soil 

59 

0*046 

4-33 

9-55 

0-45 

0-17" 

Subsoil 




Attock, 




Wj 

0-053 

5-17 

1-95 

0*77 

0-17 

Soil 

'M. 1 

0-(k50 

6-31 

1-99 

0-88 

0-19 

Subsoil. 

03 

0-071 

9-94 

12-81 

0*55 

0-10 

Soil 

U 

0*055 

9-27 

12-88 

0-46 

0*15 

Subsoil 

m 

0*037 

5-02 

7-71 

0-42 

0-11 

Soil 

07 

0-037 

8*20 

8-37 

0-41 

0-17 

Subsoil 

00 

0'093 

6-90 

8-89 

0-20 

0-16 

Soil 


pf! ■ 
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Table I (a}—emid. 

The Punjab Soils — contd.. 

Subsoils— ccmid. 


Soil 

■ No. 

Nitrogen 

Organic 

matter 

Lime 

CaO 

Potash 

Ko 0 

Phosphates 
P, O5 

Remarks 


Per cent, on .air dried material 
ATEOOK—eontd, 


: 70 

, 0-054 

6*31 

2*39 

0-62 

0-10 

Htibsoil. 

72 , 

0-047 

5*86 

5*89 

0*52 

0*10 

Soil. 

.72 

0'049 

6*64 

4*51 

■ ’ 0*54 

0-09 

Subsoil. 

75 : 

0-000 

" 94 > 5 ' 

9*14 

0*68 

0*37 

Soil. 

76 

0*062 

10*02 

8*85 

0*72 

0*28 

Subsoil. 

78 

0069 

8*76 1 

8*20 

0*63 

0-26 

Soil. 

70 

0*067 

10*57 

10*92 

0*49 

0*16 ■ 

Subsoil. 

81 

0*066 

7*33 

12*18 

0*52 

0*20 

Soil. 

82 

0*064 

9*21 

11*31 

0*80 

0*10 

Subsoil, 

84 

0-056 

7*51 

13*20 

0*87 

0*12 

Soil. 

85 

0*042 

8*25 

16*60 

0*84 

0*08 

Subsoil . 

87 

0-087 

10*31 

5*10 

0*76 

0*04 

Soil. 

88 

0*046 

8*67 

6*10 

0-81 

0*04 

Subsoil. 




Hissae, 




07 

0*074 

3*46 

2*02 

0*68 

1 0*32 

Soil. 

98 

0*042 

3*58 

2*36 

0*63 

0*32 

Subsoil. 

90 

0*081 

3*43 

2*65 

0*67 

0*24 

Soil. 

100 

0*054 

; , 4 * 67 , 

1 2*61 

1 0*59 

0*23 

Subsoil, 

101 

0*063 

; 3*27 

1*37 

0*74 

0*19 

Soil. 

102 

0*048 

4*84 

M 2 

:' 0 * 77 .. 

0*17 

Subsoil. 

102 

0*038 

, 2*85 

Mo 

- 0*57 , 

0*22 

Soil. 

104 

0*043 

:/2*89' 

1*31 

0*38 

0*21 

Su bsuil. 
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Table 1(a) — confd. 


The Punjab contd. 

Subsoils— co«*^ 


{Soil 

No. 

, Nitrogen 

Organic 

matter 

.Lime 

CaO j 

Potasli 

K, 0 

Pliospliat.es 
Pa 0, 

Remarks ' 


Perceilfc. oxi air diied material 


119 

0-064 

- 

0*58 ' • 

0*05 

0*13 

Soil. ; 

120 

0*056 

'46 

0*44 

, 0-65 

0*10 

Subsoil. 

121 

0-070 

3*52 

0*43 

0*67 ■ 

0*12 

Soil. 

122 

0-059 

3*18 

0-78 

. 0*91 

'0-14 ' 

Subsoil 

123 

0*088 

3*12 

0-84 

- 1*10 

0*14 

Soil. 

124 

0-071 

4*28 

0-63 

0*88' 

■ 0*13 

Subsoil, 


FsEozEi^m 


128 

. 0*078 

0*86 

4*71 ! 

0*78 

0*21 

Soil. , , 

129 

0*066 

6*57 

5*61 

1 . ■ 0*79 

0*23 

Subsoil. 

1,30' : 

"0-066 

■'6*13 ■ 

: ■ ■ 1 

5*08 

; ■■ , 0-72 

0*23 

Soil 

13I'| 

l>-065'^ ■ 

1 ■ 7*43 ’ 

. 6*09 

0*76 

0*21 

Subsoil. 




MONTaOMEEY, 



163 

' 0*034, : 

■ i;73 

3-05 1 

0*90 

0-21 

Soil 

m 

mm 

0*95 

3*57 i 

0*85 

0-18 

Subsoil 

im 

0-039 

1*57 

4-26 1 

i*U4 

0*20 

Soil. 

166 

0*016 

3*45 

5*68 I 

1*05 I 

0*16 

Subsoil. 

167 j 

0*028 

1*68 

3*00 

0*77 

0*21' 

Soil. 

168, ' 

0-032 

1*10 

3*88 

0*80 

„0*i7'';';' 

Subsoil 

■169.' 

0*040 

2*42- ^ 

4*17 

0-84 

„ ;'';/'0'*18' 

Soil 

170 

0*035 

. ' :1*75' 

5*56 

0*77 

1 

0*15 

SubsoH. 

171 

' 0*038 

1-58 

3*88 

0-99 

0*21 

Soil 

172 

0-027 

3*32 

4*28 

1-12 

0*19 

Subsoil 
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Table I{a) — condd. 


The Punjab Soils — concld. 
Subsoils — concld. 


'■ Soil' 
No. ; 

Nifcrogeji 

(Organic 

matter 

Lime 

CaO j 

Potash 

K, 0. 

Phosphates 
P. O5 1 

Remarks 


Poreeiii). on air dried material. 
LYALLFXm. 


182 

0*042 

3-04 

4*27 

0*50 

0-23 

Soil. 

183 

0*043 

0*80 

4*56 

0*60 

0*21 

Subsoil. 

184 

0*029 

1*24 

1*64 

0*55 

0*22 

Soil. 

185 

0*027 

0*87 

1*87 

0*60 

0*23 

Subsoil. 




Shahpue. 



197 

0*070 

5*60 

1*78 

0*88 

0*15 

Soil. 

198 

0*049 

■ ■ . . 

1*88 

0*96 

0*14 

Subsoil. 

199 

0*085 

5*45 

1*05 

0*55 

0*17 

Soil. 

200 

0*008 

6*40 

1*84 

0*90 i 

0*17 

Subsoil. 

201 

0*053 

3*40 

6*17 1 

0-40 

0*15 

Soil. 

202 

0*081 . 

0*12 

4*62. ■ 1 

0*34 

0*12 

Subsoil. 

203 

0*043 

4*01 

1*22 

1*08 

1 

0*23 

Soil. 

204 

0*081 

5*17 

1*55 

0*90 

0*24 

Subsoil. 

200 

0*055 

4*74 

2*84 

0*69 

0*23 

Soil. 

207 

' 0*045 

6*70 

3*26 

0*89 

0*19 

Subsoil. 

208 

0*067 

7*00 

3*06 

0*72 

0-26 

^ Soil. 

209 

0*060 

1*92 

4*18 

1*06 

0*17 

Subsoil. 

210 

0*039 

3*39 

4*28 

0*55 

0*18 

Soil. 

211 

9*040 

2*31 

5*43 

0*50 

0*21 

Subsoil. 

212 

0*071 

5*89 

7*30 

0*69 

0*16 

Soil. 

213 

0*046 

4*82 

9*20 

0*59 

0*21 

Subsoil. 
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Table II. 

The Punjab Smis. 

Soil analyses. 

(Water Extract 10 per cent.) 



Tufa! solids j 

" . 1 

Cai’bouiitcs as 

Bicarbonales as 

( -lilorides as 

, 8iilpliates aS' 

No. 

Najj C03 

NaH Cog 

N'a Ci 

.. .Na.> '804 ■ 




Per cent, on air dried material 






Ambala. 



10 

0'ii.0 

Ml 

0*084 

, '0-060 

Mi'''" 

11. 

0 060 

>> 

' 0*067 

0'CH>7 


12 

0*080 

sy 

■ 0-084 

04K.15 , 




Kawalfinoi. 



d‘l 

O.Rli i 

Nil 

■ 0*084, i 

■ ' i 

O-OlO 

NU 

i>5 

0-120 

ff 

0*084 . 

, 0-012 ■ 

**'■■■■ 

♦>l> 

0-188 

yy 

0*103 

0-020 ■ 

0*073 

57 

0-222 


■ 0-124 

0-034 

0*092 

58 

0-201 


0*230 

0-071 

Nil 

m 

0-078 

! ^ 

1 . ■ . 0*076 ; 1 

0-008 

■: ■ '■ . »> 




Attock. 



60 

0*562 

Nil 

■ ■0*235 

■o-:i05 

0*233 

61 

0*616 


■ ■ " 0*202 

0-082 

0*202 

62 

0*360 


0-185 

0-105 

0*089 

m 

0*462 

»> 

0*185 

0-094 

0*101 

64 

0*240 

>» 

0*185 

0*070 ' 

0*074 

m 

0*200 


0*186 

0*070 

" 0*074 

66 

0*210 

■ ff 

0*202 

0*058 

0*075 

67 

0*320 

ff 1 

■ ■■■■' 0*220. 

0*058 

0*107 

68 

0*240 I 

. .ff . 

'0*220, 

1 0*068 ' 

0*087 

m 

<.»*320 

■ .ff 

■ ! 

■ . : 0-220, 

' '0-070 

0*0<48 








I.ANDER, BAMJI NABAIW AND MEHTA MOKAND lAL 05 

Table II — cmtd. 

The Punjab Soils — contd. 

Soil ANALYSES— co«i!d. 

(Water Extract 10 per cent.) 


Soil 

1 Total solids 

Carbonates as 

Bicarbonates as 

Chlorides as 

Sulphates as 

Ho. 

Hag Cog 

NaH Cog 

Ha ,01 

Ha, 2 S 04 


Per cent, on air dried material 
A^'tqok— contd. 


70 

0-310 

■ mi 

0-185 

0-070 

0-072 

71 

0-37() 

j? 

0-202 

0-070 

„',-0-073, 

72 

0-296 

”, 

0-286 

0-046 

0-063 

73 

0*260 


0-269 

0-058 

0-064 

74 

0-320 


0-269 

0-058 

0-062 

75 

0-478 

99 

0-269 

0-081 

0-004 

70 

0-412 


0-302 

0-081 

0-124 

77 

0-510 

99 

0-252 

0-058 

0-158 

78 

0*284 

» 

0-252 

0-058 

0-064 

79 

0-224 

99 

0-252 

0-058 

0-104 

"SO i 

0*290 

99 

0-269 

0-081 

0-090 

81 

0-320 

*9 

0-269 

0-046 

0-044 

82 

0-400 

99 

■ 0-252 , 

0070 

0-070 

83 

■ ■) 0-240 ■■ 

99 

V " 0*252^ ■ 

'0-047' ,' 

0-055 

84 

0-280 

.9* : 

0-252. : ■ 

0-047 

0-064 

so 

O-4'IO 

[ '99 

0-252 

0-070 

0-085 

86 

0-488 

99 

. 0-252 , 

0-055 

0-147 

87 

0*298 

99 

0-202 

0-040 

0-049 

88 

0-377 

99 

0-218 

0-093 

0-066 

89 

0-364 

99 

0-235 

0-070 

0-061 

90 

0-320 

99 

0*202 

0-035 

0-048 

91 

0-426 

>’ 

0-286 

0-082 

0r051 
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Table H—cmM. 

The Punjab Soils — eoatd. 
Soil analyses — contd. 
(Water Extract 10 per cent.) 



Soil 

Ho. 

Total solids 

Carbonates as 
Ha 2 C 03 

Bicarbonates as 

INi a PXCojj 

.Chlorides as. 
Had , 

S'ulph.ates as ■ 
'iSFa^ S 04 , , , 

, 



Per eent. 

on ail* dried nuitariai 






Hissae. 



i 

m 

o-5:m 

Nil 

0*373 

0-034 

0-063 

■f 

. 98 

O-.'iSo 


0-4 15 

<1-034 

0-038 

i 

' 99 

0-4.82 

ff 

0-.380 

0-017 

0-023 

i 

,1 

100 

0-458 


0-363 

0-045 

0*035 





Kabkal. 




119 

O-OGO 

Nil 

0-067 

O-OiO 

Nil . ' 


120 

0-127 


■ 0-050 

0*005 

0-038 


121 

0-(J7O 

»> 

0 - 034 : ■ 

0-002 

Nil ■ 


122 

0-(^78 

■ »!• ■ . 

V 0-034. 

0-015 

9JI 


1 I 2 :i 

0-117 

. ?» ■ 

'0-050 

0-0,23 

0-029 


i ■ 124 

' 

0-003 

5? 

0-050 

,0*005' 

0*006 




Febozeptjb. 

[ 


, ' 128 

0-303 

Nil 

0-118 

0 - 0 (i 0 

0-044 

1211 

0*210 

. ■ . . 


[ ■ 

! 0-118 

i 

<i-0]5 

0 080 


0-270 


0-101 

<^01 2 

0-014 

’i; ^ i;u 

0-301 


O-iOl 

0-024 

0-021 



Montgomrky. 



158 ^ 1 

0-381 

mi 

0-235 

0-055 

0-057 

i i! 

159 

0-317 


0-219 

0-064 

Xil 

i,; 

IGO 

0-321 

. . ■ . 

o-ioi) 

0-055 
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Table II — concM. 

The Punjab Soils — concld. 

Soil analyses — concld. 
(Viater Extract 10 per cent.) 


Soil 

Total 3olid!=i 

Carbonates as 

Bicarbonates as 

Chiorides as 

Sulphates as 

No. 


Nao Co 3 

NaH C03 

Na Cl 

Nao So,j 


Per cent, on air dried inaiei ial 
Moittoomeev — cotiid. 


101 

0*270 

.Nil 

1 0*190 

0*041 

1 Nil 

162 

0*288 

>9 

1 0*185 

0*035 

1 „ 



Shahpur (Mojta). 



197 

0*073 

Nil 

0*050 

0*007 

Nil 

198 

0*065 

99 

0*057 

0*012 

99 

199 

0*174 

>9 

0*050 

0*023 

0*075 

21K) 

0*007 


0*050 

0*007 

0*020 

201 

0*126 

99 

0*076 

0*012 

Nil 

202 

0*200 

99 

0*071 i 

0*014 

0*087 

202 

(OlH 


0*067 1 

0*007 

Nil 

204 ' 

0*003 

- 

0*067 i 

0*013 

0*008 



Shahpur (Sarqodha). 



200 

0*109 

\ Nil 

0*084 

j 0*105 

Nil 

207 

0*330 

, ■ 

0*260 

0*054 

1 ■ ' ,, 

208 

0*392 

' ■ ■ 

0*252 

0*005 

>9 

200 

0*108 

.99 

i , 0*076.- 

0*013 

■}9 ■ ' 

210 

0*341 

99 

j 0*252 

0*066 

>> 

III;:,:-:: 

0*094 

99 

. 0-076 

0*007 


212' h:': 

0*137 

' 99 

0*100 

0*016 



0*138 

99 

0*084 

0*016 
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Table III. 

The Punjab Soils, 

MEf^HANfCAI, ANALYSES OP LyALLPOK SuBSOIL DOWN TO WATER TABLE 


No. [ .l.)e,S!Ti|>tioii 


1 Ufc and 2nd foot of 

soil 

2 3rd and 4tli foot of 

soil. 

3 oth iiiid dtli foot of 

soil 

4 7t-h and 8t!i foot of 

soil 

r> 9tli and iOfch foot of 
soil.' i 

t> l ith and 12th foot j 
of soil i 

7 1 3th and 1 4th foot 

of soil 

8 ioth and Idtli foot 

of soil 

9 17th and I8th foot 

of soil 

10 1 9 th and 20th foot 

of soil 

1 1 21st au<l 22nd foot 

of soil i 

12 23rd and 24t,h foot 

of soil 

13 25tii and 20th h»ot 

of soil 

14 27th and 28{l foot 

of soil. 

15 29th and 301 h foot 

of soil 

10 31 st and 32iul foot 

of soil 



Per cent, on air dried earth 
0*15 I 0-95 I 30*21 


0*10 2*05 37*81 


0*39 1*52 43*24 


2*02 47*35 


0*01 2*79 51*32 
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Table lIl-^-eont/L 
The Punjab Soih-^'ooiitit 


,Me,oha^.i.oaL',a.n'alyses 0e Ly'allfub Subsoil uown to wateb table— 


'No. 

' , l)eseri|>tioi:i. 

ifino 

gravel 

1 Coarse 
sand 

Pine 

1 sand 

I 

Silt 

Pino ; 
silt 

, Clay 



Per cent, on air dried earth 




, ,17 

33rd and 34111 foot 
of soil. 



•• 

•• 



, ,18 

35t!i and 36tli foot 
of soil. 

mi 

3-38 

7*07 

28-23 

38*20 

19*20 

m 

mh and 38tli foot 
of soil. 


fi4-0S 

23*00 

4*20 

6*90 

■ NU "" 

r, , ' . 

. 20 

39tii and 40tii foot 
of soil. 

” 

42*94 

44:*94 

6-3,5 

0*47 

HO 

21 

4i8t and 42nd foot 
of soil. 

0-55 

60*80 

31*24 

3*06 

5*00 

1*62 

22 

43rd and 44feli foot 
of soil. 

0-40 

44*96 

42*.53 ! 

j 

5*50 

0-52 

1*48 

.28 

45tii and 46tli foot 
of soil. 

Ail 

37*61 

40-98 

5-59 

i 

4*80 

1-50 

,' 24 

47 til and 48tli foot ' 
of soil. 

0-42 

I 

40*76 

38-32 

.5-29 ' 

7-40 

4*69 

25; 

49tli and SOtii foot ' 
of soil. 

0-26 

64*99 

25*52 

2-51 

7-20 ' 

1 

0*88 

26 

51st and 52iid foot 
of soil. 

AU ' 

79*74 ' 

12*23 

1*52 

2*20 ' 

NU 

:, ,27 .'i 

53rd and 54th Coot ' 
of soil. 

9'4R ; 

43*18 

16*13 

7-98 

17-80 

4*24 

",''"28,,"^ 

mth and 56th foot , 
of soil 

I '5.5 

48*06 

31*10 

7-95 

10-10 1 

3*02 

20 

57 til and 58th foot , 
of soil. 

0'08 

0*83 

39*80 

33*89 

18-00 

6*04 

:«) 

59tli and OOtli foot 
of soil 

f}-06 

5*12 

34*10 

■ i 

30*99 

22-00 

,''■■7-20,:::'' 

31 

61st and 62nd foot 
of soil 

A?:/ 

44-03 

; 39*55, ■,.] 

7*04 

8-30 

Nil' 

32 

63rd and 64th hiot 
of soil. 

??■ ' 

65*71 

26*06 

3*70 

0-44 

1 A '"'''O-SS A::'': 

33 

65tli an<i 66tli foot 
of soil 


43*44 

32*52 

5*45 

■■■■;, „e-40''' 
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Table IV. 

The Punjab Smls. 

NiTROSEN ANB ObGANIC MATTER. 


(Percentage on air dried soil.) 


>Soil 

N'o. 


Loss on I 
ignition 

Nitkooen . 1 

Soil 

No. 


. Loss .on. 
ig.nition. 

" NiTB,OG32X 

Nitrogen 

Loss on 

Niivogen 

" ■ ■ Loss on ., 




ignition 




'' '.. ignition,. „ 


ICa,-noea. 



'GuEnlSFiin. ■ 


1 

0‘{r» j 

! 

“ 

. 17. ; 

0*075 

..,,,2*47' 

0-030 

2 

. 0-15 

1 ■ 

( 

1 

. ' 18- . 

0*058 

5*02 

0*012 

;j 

0-07fi ! 

. ■ 


' 19, ' 

0*033 

2-85 

0-012 

4 

e*05 

.. 


20 

■■■"■ '"0-047; 

5*11 

im)i\ 

tv. 

oil , 

. « 


21 

0-032 

2-13 

Oim 

fi ^ 

0*11 

8*04 

( 1-01 3 

. 22' 

r>*048 

3*12 

0*015 

7 

{)■!(> j 

2*17 

0*040 

23 

O-OIA 

1-18 

0*038 





24 

O*04(> 

2*40 

0*019 





25 

0*049 

2*05 

0*024 


Ambaiji. 










26 

0*040 

1 *08 

0*0-13 

H 

0-02 

2*09 

0*010 

, 27 

0-04S 



9 

0*054 

3*09 

0*018 

28 

0*003 



10 

0-061 

3*11 

0*020 

29 

0*058 

2*4 

0*024 

11 

0-039 

2*41 

0*010 

30 

0*052 



12 

0*053 

3*43 1 

■ 1 

0*015 

31 

0*078 

3*59 

0*022 

13 i 

. ' ' . i 

0*039 

2*05 

0*019 

32 

0*075 

3*05 

0*025 

14 

0*041 

2*54 j 

0*010 

33 

0-082 

1 *57 

0*033 





34 

0*059 




HoSrfrABPTTB. 


35 

0*078 

• » 


15 

0*053 

3*24 

0*010 

30) 

0*048 

.. 


U 

0*055 


** 

37 

Jp()57 

- 

.. 
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Table l\--contd. 

The Punjab Smls^miitdi, 

NlTROaEN AND ObEANIO MATTER — COntd. 


lol 


(Percentage on air dried soil,) 


Soil 

No,' 


Loss ,011 
ignition 

Nitbo<:j.en 

Soil 

No. 


Loss on 
ignition 

Niteogex 

Nitrogen, 

Loss on 

Nitrogen 

Loss on 




ignition 




ignition 


OlTJiDASP'D'E— COtilfL . 


Attock— conid. 


SS, 

0-085 

.... 

' • ' 

69 

0*093 

0*90 

0*013 

■■SO' 

0*070 


/• 

72 

0-047 

5-86 

C-008 

40^ 

0-050 


.. 

75 

0*090 

9-65 

0*009 

41 

0-056 


. • 

78 

0*069 

8*76 

0*008 

42 

0-055 


• • 

81 

0*066 

7*31 

,0-009 

4S 

0*063 


: ' * * ■■ ■ 

: 84 

0*066 

7*51 

o-oos 

44 

0*060 


• • 

87 

0*087 

10*31 

0*008 

45 : 

0*062 


.. 

90 

0-052 

10*06 

0-005 

46 , 

0*053 







48 

0*059 

3-21 

0*018 



Hissab. 


50 

0*075 

2*10 


91 

^0*053 


■■■ ';.0*012.. 

52 , 

0*033 

1-78 

0-019 

92 

0*039 

1-30 

0-030 


Bawalpmbi. 


93 

0*042 

4*10 

0-010 

o4 

0*067 

3*03 


94 

0*053 

6*07 

0*009 

50 

0-041 

2*44 

0*017 

95 

0*039 

5*19 

0*008 

5S 

0-059 

2*90 

0*020 

96 

0*049 

5-15 

0*010 





97 

0*074 

3*46 

0*021 


Attock* 


99 

0*081 

3*43 

0*024 

60 

0*053 

5*17 

0*010 

101 

0*063 

3*27 

0*019 

6S 

0*071 

9-04 

0*007 

103 

0*038 

2*85 

0*013 

66 

0*037 

r)‘()2 

0-007 

105 

0*048 1 

1*79 

0*027 


G 2 








SOILS OS' THE PUNJAB 


Tabu! IV — eontd. 


The TunjiA Soils — contd. 
Niteogbn and Oeganic auttek— c 
(Percentage ou air dried soil.) 


Niteogen 


Loss on 
ignition 


Loss on 
ignition 


Kitrogeii 


Loss on 
ignition 


Loss OB 
ignition 


FiiK02.K.P0K, 




liULliBlHBlti! 


IjAHOny, 


LANBER, BAMJI NARAIN AND MEHTA MOKAKD BAT, 
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Table IV — amfeZ. 

Tlte Punjab Soils — contd. 
Nitrogen and Organic matter — contd. 


(Pecentage on air dried soil.) 


Soil 

No. 

Nitrogen 

Loss on 
ignition 

Niteogen 

Soil 

No. 

Nitrogen 

Loss.- on 
ignition 

.Nitrogen , 

Loss on 
ignition 

Loss on ' 
ignition 


SHEtKHUPUEA — COntd. 


Montgomery — confd. 

144 

0-02S 

(?)0*10 

. . 

163 

0*034 

1*73 

{>•020 

145 

0*043 

3*01 

0*014 

166 

0*038 

1*67 

0*024 

146 

0*060 

2*40 

0*024 

167 

0*028 

1*68 

0*017 

147 

0*031 

0*92 

0*00.3 

169 

0*040 

2*42 

0*017 

148 

0*097 

2*25 

0*043 

171 

0*038 

1*58 

0*024 

140 

o-otx) 

2*85 

0*032 










Lyalepur. 



' lyjiuT. 


173 

0*041 

1*82 

0*028 

■ , . , 1::' 

160 

0*073 

0*36 

0*012 

174 

0*043 


. 

161 

0*070 

6*6] 

0*013 

175 

0*038 

.. 

. ... v '. .' !• 

■ ' ' ■■ ■ "■ " .. 

. ■ .. . 

162 

0*082 

4*20 

0*020 

176 

0*038 

.. 

'■ .^ V 





177 

0*052 




M03SirTGOMEB,y. 





' *' '. ^ . . ■' ' " '. ■ 





178 

0*047 


' ■ " ■ : 

164 

0*024 

2*42 

0*010 




''V. . 





179 

0*038 



166 

0*044 

2*99 

0*014 









180 

0*028 


.. 

166 

0*024 

", , 










181 

0*049 


" ? 

167 

0*037 

• . 

■« • 




' . ' ■■ ■ ' '1 





182 

0*042 

3*04 

0*014 i 

158 

0*027 

1*78 

0*015 




^ i: 





184 

0*029 

1*24 

0*023 

169 

0*033 

1*52 

0*022 





160 

0*054 

2*66 

0*020 


Shakpur, 

: : v-.:: : ;■ 

161 

0*034 

1*22 

0*028 

186 

0*033 

6*57 


162 

0*048 

2*53 

0*019 

187 

0*037 

3*13 

0*012 j 





lO'l SOILS OF THE PUNJAB 

Table IV— eo-K«<?. 

Tlie Punjab Soils — contd. 

^riTROOEX AND ObUAMC MATTEE- (W'/d. 
(Perceatage OH iiir dried ,NuiI.) 


Soil: 

No.. 


' Loss on 
ignition 

Niteogen 

Soil 
,. 'No. 


Loss on ' 

■ ig.!iitio.ii , 

Niteogen , 

'Nitrogen 

''Loss cm 
ignition. 

. Nitrogen 

Loss on 
ignition 


SilAIIPlTB — €u)bid. 





1S8 

{Hm 

ri'CKI' 


' 210 

0*033 

’ ,' 3*07 ,, 

noil 

m 

O-OM 


.. 

217 

■0*004" 

'■7*65 .' 

im 

Wl 


3*00 ' 

■cl•o;l4 

^218 

O'iLI, 

' 


190 

0’085 

5*43 ■ 

o-oie 

219 

0-127 


•• 

201 

0-053 

, 3-40 

0*016 

220 

'■'0*134 


.. 

203 

0*043 

4*01 

0*011 

221 

0*139 

•* 

-• 

205 

0*051 

4*50 

0*011 

228 


3-S« 

«• 

m 

0*055 

4*74 

0*012 

220 

.. 

3*51 


' 208 

0*045 

7*00 

o-ooo 


Muzafeakgaeh. 


210 

0-060 

3*39 

0*018 

230 

0*043 


-• 

212 

0*040 

5*89 

0*007 

231 

0*045 

0*83 

0*000 


Jhaho* 



Bbra Ghazi Khan. 


214 

0-0S3 

3*45 

0*015 

232 

0*026 

5*7S 

0*00 -i 

215 

0*047 

3*’4(> 

0*000 

® x33 

0*(M0 

H'Si 

O'Ol 1 



District 


Iji»ne/Margiiesia 


0 - 3()6 

0-04 

hBm 

0-408 


i-060 

0-79I 

3-404 


0- 896 

1- 059 
0-931 


2-32 

3-11 

2*10 


4-07 

2-33 

,; 2 - 82 : 

4-68 


Table Y . 


Gurdaspur . 

Bawalpindi 

Attock 


Hissar 
Kwiai 
Feruzepiir . 
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The Punjab Soils, 

AvEBAGE LIME CONTENT AND LIME MAGNESIA BATIO BOB DIEEBBENT DISTBIOTS OF' 

THE Punjab. 


0-100 

0 - 1)8 

1-507 


0-453 

10-40 

7-83 


1-377 

0 -‘Jl 0 

4-47 


I -10 

1-418 

1-092 


4-40 

3-32 

3-63 


4- 28 
3-29 

5 - 55 . 
8-01 


K;:in.gra 

Aoiballa. 

Hosiiiarpiir 


Lahore 

Sheikhupura 

Gujrat 


Montgomery 

Lyallpur 

Shahpur 


Jliaug 
Mu [Can 
Muzaffargarh 
Dera Ghazi Khan 








Aiuminia ALO3 


Potash KoO 


SOILS OP THl, PtJHiTAB 

Tablk ¥X' , 

Tlie Punjab Soils. 

Potash : Clay, and Alijminia : Clay Eatios 

(% on air dried soils,) 


0-123 

0*057 

0-002 

0*019 

0-020 

0-023 

0-035 


0 - 0S5 



0-050 


.. 

0-033 


»37 

0-044 


•40 

0-029 


•31 

0-062 


*48 

0-045 


-35 


Potasli : Olay Aiiimiiiia : Olay 


SUEFACE SOILS. 
Kangea* 

5*8 
12-10 
33-60 

35 - 05 

36 - 21 
19-00 
11-72 


ibflULA. 


• 

4-80 

. 

10*60 

2-60 

6-72 

2-44 

6-08 

3-07 

9-92 

3-57 

7-44 

3-73 

10-50 


0-072 

0-059 


0-168 

0-KLs 


0-411 

0-974 

0-220 

0-270 

0-290 

0-460 

0-480 


0-599 

0-418 


0-688 

0-638 




Hoshiabpur. 

[ 8*32 

7-04 


ClCTBDASPUil. 

4-09 
. 4 - 62 , 











bANDEH, RAMJI NAEAIK AND M13HTA MOKAND ML JO’ 

Table VI— 

The Punjab Soils — contd. 

Potash : Clay, and Alumxnla : Olay Eaxios— co«/i, 

{% on air dried soils.) 

Potash K;0 I Alamiiiia AI 3 O 3 Clay Potash : Clay ; Aluminia : Clay 


SURFACE SOIIii!— co?rf4 
Guedasbub— cowR 


•to 


0-880 


SOUjS of the PUNJAB 
Table VI— cowiiZ. 

The Punjab Soils— coTitd., 

Potash : Clay, and Aluminia : Oia.y Eatios— - cowJfZ. 

(% on air dried, soils.) 


Soil No. Potash K^O I Aluminia AI.2O3 


SURFACE SOILS---co?2M. 

G UEDASPUIl — COiUd. 



RAWAm^^l>I. 


Attock. 



Potash ■: Clay , ■ : Aluminia : Clay 


54 

0-700 

6-92 

13-92 

0-050 

0*43 

56 

0-496 

5-91 

22-08 

0-023 

0-27 

58 1 

0-302 

5*86 

8*64 

0*035 

0-68 



LANJDiJE, EAMJI KABAIN AND MEHTA MOKAND LAL 


Tabijb VI — cowtd. 


The Punjab Soils—contdi. 
and Aluminia : Olay Eatios- 
(% on air dried soils.) 


Potash K..0 


Aluminia ALO. 


Potash 


Aliimiiiia : Cla, 



Attock — coMd, 


78 

o-saa 

9-29 

10-80 1 

81 

0-fU7 

7-31 

19-20 

84 

0'872 

6-9S 

20-28 

SI 

0-764 

7-SC 

14-60 

m 

0-761 

8-80 

1 

1 19-20 




Hissak. 

91 

; 1-680 


15-62 

92 

0-495 


13-44 

93 

0-646 

.. 

12-80 

94 

0-717 ; 

. 

14-72 

■ 95^ ■■ 

()-7]0 

. 

11-20 

96 

1-297 


33-44 

97 

0-682 

4-58 

16-48 

99 

0-666 

6-74 

18-40 

101 

0-736 

6-99 

26-08 

103 

0-572 

1-36 (?) 

14-24 

105 

0-910 

4-71 

15-30 

106 

i-OiO 

5-88 

ih 

OO 

107 

0*940 

5-50 

15-84 

108 

0-640 

5-50 

15-66 

109 

0-790 

4-S5 

16-60 


0*0:^8 

0-027 

0-0-13 

0-053 

0-010 


0-108 

0-037 

0-050 

0-.050 

O-0G3 

0-039 

0-041 

0-030 

0-028 

0-040 

0-050 

0-076 

0-059 



i 


■,0-553, 

0-381 

0-344 

0-542 

0-458 


0-278 

0-366 

0-268 

0-096 

0-308 

0-442 

0-347 

0*i»‘)O i 
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0-790 


16-60 


0-041 

0-048 


0*202 


m 


Boil No. 


110 

111 


SOILS OF THl PUNJAB' 

Table 

The Punjab Seils—oontd. 

Potash : Olay, and Alumihia : Clay Batios- 
(% on air dried soils.) 


Potash Il.O 

Aluminia AI 2 O 3 

Olay 

Potash : Clay j 


SURFACE SOILS— co??M 





0-873 

. . 

11*72 

0-069 

0-883 

•* 

16-10 

0-065 


Aluminia : Clay 


Hissab. 


119 

0*650 

4*86 

9*44 

0*069 

121 

0*670 

5*02 

10*90 

0*040 

123 

MOO 

6*67 

9*44 

0*117 

125 

0*640 

3*98 

7*52 

0*085 



Fbeozepue. 


126 

1*090 

. . 

14-66 

0*075 i 

127 

0*867 ' 


14-74 

0*059 1 

128 

0*775 

5*83 

13-60 

0*057 

130 

0*721 

r>-49 

1 : 1-92 

0*052 



JtTLLTTNDmi. 


132 ] 

1 0*786 


16-90 

■ ■ 

0*114 

1 

133 

■ 

1*4:59 

.. 

j £28*08 

0*052 


0 'i>ir> 

mu 

0‘690 

0*529 


0*429 

0*394 


Labohe. 






hABm% BAM'JI/KAEAIM .AH:D MBHTA mOKAMt) MI. , 

■TabIiB- VI--cowM, 

l%e Punjab Soils-*-^ooB.td. 

Potash : ■ Clay ai^t> Alumin-ia : Clay Ratios— 

(% OB air dried soils.) 


SoilMo, 


Potash K.,0 Aliiniiaia Ai.O., 


Potash : Olay AIuDiiiiia : Olay 


>SUEFAOE BOIL8--conkl 


SHBIKHtJPWBA. 


QlhJBAT, 


AIONTaOMKBY. 




ROILS 01? THE PUNJAB 


Table Yl—cmtd. 


The Punjab 8(Ms — contd. 

Potash : Clay, and Aluminia : Clay Ratios — conid . 

( % OH air dried soils.) 

Potash K;,0 Aluminia A 1,03 Olay I Potash : Clay Alumini, 


)SUBi.'AC.E iSOlLB — conid. 


Mois’TGOAi miY—^conU 












tATsTRER, RAMJI WARAIN AND MEHTA AfOKAND LAD 

Table Yl—corOd. 

The Punjab Soils — eontd. 

Potash : Clay, and Aluminia : Clay ’R&.'sios— eontd. 
(% on air dried soils.) 


Soil No. 

Pofcash K^O <Alinninia ALO;. 

Clay 

Potasli : Clay 

Aluminia : Clay 


SURFACE SOILS~-co«-/d 



LxAIXPTTE— CO'? w5d 



182 

0*500 5-28 

m ■' ■ 

15*60 

, ; 0*082: 

. 0*34 

184 

0-530 4-40 

10*14 

0-054 

, , 0*48 


Sjtajipue. 


SHAnptm (Mona)* 



397 

0*884 

10*19 

21*12 

0*042 

0*51 

:;f V' /;:■■■ /■ 

II:' " 

199 

0*549 

8*53 

28*64 

0*020 

0*30 


201 

0*397 

4*08 

10*72 

0*037 

0*44 

I'iv"' ‘vvC'"' / '■' 

It''':": 

203 

1*079 

7*96 

23*69 

0*046 

0*34 

'"f: ,: : ' '' 

205 

1*020 

8*25 

22*08 

0*046 

0*37 




Shaiipub (Saegodha), 



It'" I "::!:: ■, ' ^ 

206 

0*693 

6*80 

15*84 

0*044 

0*43 


208 

0*724 

7-24 

20*96 

0*035 

0*35 


210 

0*547 

5*13 

8*00 

0*068 ; 

0*64 

f 

212 

0*689 

6*10 

16*00 

: 0-043' ' 

0*38 


215 


0^837 


4*90 


0*017 


04 


SOILS OP THI! POTJAB . 


, J ..Mi j , 1 . 


T ABLB VI— ^onifd!. 

Tlie Punjab Soils— -contd^ ■ 

Potash : Clay, and Aluminxa : Olay Ratios— t oH/rf. 

(% on air dried soils.) 


Soil No. Potash XjjO ; Aluminia AloO.. Clay j 

■BUBJUOJS SOILS— co/ild 

MTOPAiT. 


Potash : . Clay „ Mniniiiia : Clay . 


Mossaffaboaeb. 

20-B2 

i:P2$ 

Duka (:^ba55I Khan. 

■ . I ^h 2 H 


SITB-SOILS. 

CtmDASPBB. 


41 ) 

(>•57 

rrB3 

, ' 2i*3fr : 

mm* 

SJ 

ihm 

4*35 

19*0i 

mm 


0-44 

3*77 

U-7B 



KAWA)r*ri.Ni)f. 


m 

0*59 

S'38 

14*08 

0*042 

0*3K 

57 

0*51 

3-48 

22*24 

0*023 

f)*N> 

59 

0*47 

3-93 

^rT2 

0*070 

0*58 
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liANWaii, KAMJi WABAIN AND MliDTA MOKAND DAD 
TABLlfi Yl-'-COfuM. 


The Fmjitb Hoik — coutd. 

PoxAsti - Gday, and Aluminia : Clay Katios— 
( % on ail dried soils.) 


Soil. No. 


Potesii 

Aluminia Al.O;, 

Clay 

Fokiish : Clay 


Aiiimima : Clay 


SOB S013jS-— 


Atwok (2jni> u’oot)* 



0*BH, 

; 8-86 

23-00 

0-038 

0-38 

U 

0-40 

6-84 

32-40 

o-ow 

■ 0-lf " 

m 

0-41 

MiS 

20-98 

0-019 

'' 0-27 ' 

70 

0’62 

9-37 

2i-i2 

0-029 

0-44 

n 

0-64 

7-83 

17-63 

0-031 

0-44 

n 

0-72 

H-m 

26-80 

0-028 

0-36 

n ' 

0-49 

9-42 

19-20 

0-026 

0-49 

82' 

0-80 

7-06 

I.19-04 

0-042 

C-37 

m 

•84 

7-16 

17-80 

0-047 

0-40 

' ■ 88 

O-Sl 

8-06 

16-00 

0-060 

0-56 



A'i'took (3fti> foot). 



m 

0*78 

6*Xi 

,27-26 

0-027 

0-22 

m 

0-78 

7-89 

39-52 

0-020 

020 

m 

Q-40 

6-64 

19*36 

0-021 

0-34 

71 

o>m 

7-67 

20*60 

0029 

0-37 

74 

0-64 

7-67 

! 22-36 

0-029 

OrH 

77 

0*52 

7-09 

26-20 

0*021 

0-31 

80 

0*49 

7-06 

17-62 

0-028 

' 6 - 40 ;' 

83 

0*05 

7-22 

10-96 

0-038 

0-43 

86 

1-06 

7*88 

19-20 

0-066 

0-41 

89 

0-76 

8-52 

16-00 

[0-06 

0-66 


^ ■ • --vssxf- ^ - ■ ■ : T' r~: — i 


no 


Soil No. 


SOILS OP THE PUNJAB 

Table VI — conld. 

The Punjab Soils— eoxdd. 

Potash : OtAY, and Aluminia : Clay. Eatios— cow/tl. 
(% on aii dried soils.) 


Potash K.2O 

Alumiiiia AiaGg 

Clay 

Potash : Clay 


Muminia : Clay 


mB-’S01LB~--coiU(l 

Hissae . 


98 

0*63 

5*90 

21*70, 

0*029 

iOO 

0*59 

6*10 

2i*2S 

0-02S 

i02 

0*77 

8*00 

36*04 

0*021 

104 

0*38 

3*29 

15*52 

0*024 


0*27 

0*29 

0-22 

0*21 


Kaenal . 


120 

1 0*65 

4*75 

16*04 

0*039 

122 

0*91 

7*31 

12*96 

0*070 

124 

! 0-8B 

7*31 

14*88 

0*059 


0*28,, 

0*59 

■0-40 


Ferozepur . 


129 1 

;0*79 1 

' , i 

5'98 

13-76 

0-057 

131 j 

0*76 

5-97 

15-S2 

j 0-040 


0'44 

0*38 


JULLTTNDITB. 


132 

0*79 

• • 

6-90 

O-Oll 

133 

1*50 


28-08 

0*063 


MONTaOIMERY. 


164 

>85 

6*19 

13*18 

0*063 

0*38 

160 


v6^70" 

16-87 j 

0*066 

'""0*37 

168 

0*80 

4*53 

14-72 

_ 0*054 

i 

0*31 
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I Table VI— cpwcW. 

' The Punjab Soils — conoid. 

Potash: Clay, and Aluminia : Clay Ratios — contd. 

I (% on air dried soils.) '• 


Soria! '| 
No. ! 

Potash K^O 

i 

Alum ini a APO., 

Olay 

Potash : Clay 

1 Aiimiinia : Clay 

(* 


SUB-SOlIS-co^^Hel 





Montcjomnry — conkh 



170 

0*77 

4*74 

10*24 

•075 

C-46 

172 

,M2 

5-54- 

18*05 

0-0G2 

0*31 


Ltaluor. 


183 

1 *60 

5*57 

1 14-40 

•042 

•39 

185 

•60 

4-30 

10*64 

•056 

•40 


Shakpur (Mona), 








118 SOILS OF THfe FOKJAU 

Table VII. 


The Pmyab 8oik. 

Phosphokic Acid. 


Soil 

No. 

Locality 

mB 

percent. 

SoiL' 

No; 

Locality 

per cent 

1 

Kangra 

• 


0-34 

26 

Clurdaspur . 

. 


0*02 

2 

>9 • 

• 


0-79 

27 

99 • 

• 


■'0*82^'' 

d 

>» • 

* 


0-39 

28 

99 

• 


0*45 

4 

fj • 

• 


0*47 

29 

99 • 



0*44 

5 

ff * 

• 


0-34 

30 

99 * ' 



0*49 

G 

»» * 

• 


0-30 

31 

99 * 



0*41 

7 

» • 

• 


0-22 

32 

99 • 



0*44 

8 

Ambaila 

• 


0-16 

33 

99 * 



0*33 

9 

» • 

• 


0-21 

34 

99 • 



0-12 

10 

»!>■ ' • 

• 


0*14 

35 

■99 • 



0*16 

11 


• 

• 

0-11 

36 

99 • 



0*14 

12 

»> • 

• 


0-24 

37 

99 • 



0*07 

. Id 

fJ • 

• 

f 

0*18 

38 

99 • 



0*18 

14 

: , 1 


• 


0*15 

39 

.99 • 



0*10 

15 

Hoshiarpur . 

• 


0*4G 

40 

99 • 



0*05 

10 

99 • 

- 


0*13 

41 

99 • 



0*06 

}7 

G'urdaspur . 

* 


j 0*10 

42 

19 • 



■■ 0*06 ■ 

IS 


• 


0*18 

43 

>» • 



0*07 

m 

»9 . • 

• 


0*11 

; 44 

#9 • 



0*18 

20 

'99 ■», ' 

• 


0*11 

45 

99 ■ ■■•.. 



0*07 

21 


• 


0*00 

40 




0*05 

22 


• 


0*71 

48 

■99 ■ . ' • ' . 



0*10 

23 

>» • 

- 


0*66 

50 

- 99 ■ 



0*08 

24 j 

" ■ »■« ■ * 

* 


0*56 

52 

99 • 



0*16 

25 1 




0*64 

54 

Rawalpindi . 

• 

- 

0*20 
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^ Table VII — wM. 


The Punjith Soils — contd. 
Phosphoeio Aoid — contd. 


Soil 

No. 

Locality 

P.0, 
per cent. 

Soil 

No . 

Locality 

1 

per cent . 

55 

B.awalpindi . 

. 

0*21 

107 

Hissar 


• 

0*15 

58 

* * 


0*16 

108 

99 • 

* 

• 

0*13 

60 

Attock 


0*17 

109 

99 • 

• 

* 

0*13 

63 

' !»» ' ' • ' • 


0*10 

110 

Kariial 

• 


0-36 

m 



0*17 

111 

99 • 



0*39 

69 

»• • . • 


0*10 

119 

99 



0*13 

72 

»f • • 


0*10 

121 

99 * 



0*12 

75 



0*37 

123 

99 • 



0*14 

78 

ft » . 


0*26 

126 

99 * 



0*13 

81 


• 

0*20 

126 

Ferozepur . 



0*24 

84 

» • • 


0*12 

127 

99 • 



0*29 

87 

9$ • * 

• 

0*04 

128 

9$ • 



0*21 

90 

»» * • 


0*02 

130 

99 • 



1 0*23 

91 

Hissat , 


0*11 

132 

Jullnncliir » 



0*21 

92 

if ■ . • , 


0*11 

133 

99 * 



0*16. 

93 

t» • * . 


0*16 

134 

Lahore 



0*13 

94 

99 * . f 


0*14 

136 

99 • 



0*10 

95 

99 : • ■ * 


0*14 

136 

Sheikhiipura 



0*13 

96 

99 • * 


0-12 

137 




0*11 

97 

99 , • 


0*32 

138 

99 • 



0*16 

90 

» • • 


0*24 

139 

■ »> * 



LO -15 

101 

'99. ■ 1 * 


0*19 

140 

>9 • 



0*09 

103 

»» ' ' • • 


0*22 

141 

99 



0*13 

105 

M ; ■ • .• 


0*15 

142 

99 * 



0*20 

100 

.''".A®!' •' 


0*32 

143 

99 * 


■ 1 

0*26 
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Table VII — cmtd. 


The Pmj . Soils— oontd, 
Phosphobic Kcw—conid. 


P,05 

■per , cent. 


Locality 


Locality 


Shahpiir 


Montgomery 


Sliahpur Mona 


Shahpup Sargodha 


Lyallpur 


Multan 
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Table VII— cowic^. 


I2i 


p 


The Punjab Soils — contd. 
Phosphoric Agio — conid. 


Soil"' 

No. 

Locality 

per cent. 

Soil 

No. 

Locality 

P.0, 

per cent. 

. ' 230 

Muzafl-argarli 


0-20 

232 

Dera Giiazi Khan . 

0*G7 

231 

j 

• 

• 

0*22 

233 

?? 'i' * 

1*36 ? 


Table VIII. 

The Punjab Soils. 
Iron and Aluminium, 


Soil No. 

Iron 

Aluminium | 

Soil No. 

Iron 

Aiuminium 



SURFACE SOILS. 




Ambalia. 



Atpook, 


10 

3-21 

2*50 

60 j 

4*32 

7*13 

11 

3*29 

2*44 

63 i 

4*21 

6*31 

12,' 

3*68 

3*07 1 

66 

4*93 

^6*75 

13 

2*34 

3*57 

69 

5*99 

7*73 

lA 

2*95 

3*73 

72 

4*72 

6*01 




75- 1 

4*08 

0*67 


GtrBDASPFB, 


, 

78 

3*58 

9*29 

'48 " 

4*24 

4*68 

81 

5*58 

7*31 

50 

3*16 

3*47 

84 

4*86 

6*98 

52' 

CO 

o 

3*56 

87 

1 4*06 

7*86 




00 

5*94 



Rawalpindi, 





54 

5*09 j 

5*92 


iClSSAK. 


''l 

i 

3*66 

5*91 

07 j 

3*28 

4*68 

58 

4*52 

5*86 

90 j 

LIO 

6*74 


i; 



Aluminium 


Soil No. 


Iron 


Iron 


Alum i ni um 


Soil No. 
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Table VIII — cmtd. 

The Punjab SoiJs— contd. 

Iron and Aluminium— com^o!. 


Lyallbub . 


Kaenal. 

[ 4*08 

4*08 

8*47 

3*04 


FEEOZEPtTB. 

4*24 

4 * 11 > 


Sheikhubuea. 
1*98 
1*78 
3*26 
1*86 


Sh 131 KH UP (TE A- - eonld, 
1*28 
3*20 
4*10 
1*94 
4*42 
3*82 


Montoomtcry. 

3*60 

3*20 

4*00 

3*70 

3*00 

4*20 

4*40 

4*12 

4*04 

4*60 


5*20 

6*27 

4*64 

4*47 

4*07 

4*83 

5 * r>5 

4*00 

4*29 

6*23 


6*28 

4*40 


Hissae- 

4*00 

4*04 

3*84 

4*08 

3*80 

3*08 




SUBFACE 

6*99 

4*71 

5*88 

6*60 

6*69 

4*86 


SOILS— 


4*80 

6*02 

0*67 

3*98 


6*83 

6*49 


2*20 

3*98 

6*72 

3*06 

0*11 

2*18 
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Table Ym-^mid. 

The Punjab Soils — contd. 

Iron and Aluminium— cow/i. 


Alumimum 


Aluminioriv 


SnAHPUB (Mona). 


SURFACE SOILS— conrU. 

I Shahpur (Saboobiia) — contd. 


107 

2*04 

10*10 

199 

4*72 ^ ■ 

8*53 

201 

■B*44 

4*68 

203 

5‘3B 

7*90 

205 

3*89 

8*25 


210 

3*76 

5*13 

212 

5*05 

0*10 


Shahptjr (Saroobha). 


200 1 

4*44 

0*80 

208 1 

4*85 

7*24 


GURDASPUlt. 


49 

4*60 

5*33 

51 

13*53 

4*35 

53 

3*38 

3*77 


JiAWALPINBI. 


55 

4*93 

5*38 

57 

3*40 

3*48 

69 

4*48 

3*92 


Attook (II ffc.). 


01 

1 4*50 

S*80 

64 

4*30 

5*84 


SUB-SOILS. 


Multan. 

4*40 

4*92 


At'I’OOK {II tL)—<mitd, 


07 

4*32 

5*68 

70 

6*00 

0*37 

73 

5*20 

7*83 

70 

3*30 

8*90 

70 

3*20 

9*42 

82 

5*20 

7*06 

86 

4*92 

7*16 

88 

6*71 

8*65 


Attook (III j^.). 


62 

4*31 

6*11 

65 

4*22 

7*80 
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Table VIII — contd. 


The Punjab Soils — contd. 
Ikon and Aluminium — contd, 


Aluminium 


Aluminium 


yUB-SOlLS— 


Moj^JTdOMiiUY 


Shahpuu (Mona)- 


Karkal. 


S.HAHPTJE (SARaODEA), 


Ferozepxjr, 
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Table IX 
TJie Punjab Soils* 

Metallic bases in relation to Silica anp Aluminia, 
(% on air dried soil.) 



1 Silica 


Bases 


Soil No. 


Alumiiiia 

(CaO, MgO, 
NaA Ko 0) 

Silica 


SURFACE SOILS. 
Ambala. 


10 

90-33 

' 2-50 

2-73 

36-10 . 

1 

11 

90-88 

2-44 

2-81 

37-24 

1 

12 

87-52 

3-07 

2 - o2 

28*51 

1 

13 

90-63 

3-57 

2-65 

25-38 

1 

14 

89-43 

1 3-73 

2-83 

23-98 

1 




Aveeagb 

30-24 

1 








Guebaspue . 


48 

88-32 

4-68 

2-44 

50 

88-31 

3-47 

2-89 

52 

91-95 

3-56 

3-12 


Aveeage 


Rawalpindi. 


54 

67-61 

5*95 

14-29 

11-37 

1 

2-4 

56 

64-74 

5-91 

14-33 

10-95 

1 

2-4 

58 

72-80 

5-86 

1-00 

13-00 

■ 1 

2-0 




Aveeage . 

11*77 

1 

2-3 
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Table JX.-~omtd. 

The Punjab Soils — contd. 

MbTALLIO bases in relation to SlLlOA and iLUMlNIA—OOWfe?, 
(% on air dried soil. ) 


SURFACE SOILS— cOTid 


Hissar. 


Averaok 


Karnal. 


Avjbeaois 


Frrokbpfr, 


Avrragb 


17-94 

1 

1 , „-60 

17-20 

1 

•58 

12*77 

■ 1 ■ 

•50 

22-31 

1 

43 . ■ 

17-57 . 

1 

•58 


18-56 

1 

0*9 

12-70' 

1 ■ 

0*7 

12-13 

1 

0-56 

18-75 

1 

0-0 

■'14-47 

i 

0-5 

15*45 

■ ' 1 

0*5 

15-44 

1 

■ ' 0*3 .. 

18*03 

1 

0-4 

15-70 

1 

-50 





Bases 




Soil No. 

Silica 

Aluminia 

(GaO, MgO, 
NagO, 0) 

Silica : 

Aluiiuriia i 

Bases 
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Tablb IX— 

The Punjab /Soifo— conti 

METALbiC BAvSES IN RELATION TO jSlLIOA AND AlUMINJA— 


(% <m air dried acil. ) 


Soil No. 

Silica 

Alumijiia 

Bases 

((JaO MgO, 

Silica : 

Alimimia : 

Bases 




NaAK.O) 





SUBEAOE 80 ILS -- oo ? i /< l . 

MONTGOMJSJEtY, 


158 ■ 

8 D 80 

5-2 

8-14 

15-74 

'1 


159 

83'56 

5:27 

7-92 

15-85 

1 

1*5 

100 

80-38 

4-54 

6*35 

19-02 

1 

1-4 

101 

82-23 

4-47 

8-90 

18-40 

1 

2-0 

102 

84-03 

4-97 . 

7-92 

10-91 

1 

1-0 

103 

81*31 

4-83 

5-95 

10-83 


. 1-2 ■ 

105 

79-10 

5-55 

0-40 

14*25 

1 , I 

M 

107 

82-91 

4-06 

5*80 

17*79 

1 

1-2 

109 

81-19 

4-29 

7-04 

18-93 

1 

1-0 

171 

78-05 

. ' 5-21 ' 

7-37 

14-98 

1 

1 1-4 




Aybrawb , 

10-87 

■ 1 

1*45 


L5:-ALiiriJii> 


3 82 

81-84 

5-28 

[ 0-08 

15-50 

■ ■ 1 

1*2 

184 

88-10 

4-40 

! 3-36 

22-02 

1 

0*7 




Avbbag js . 

18-70 

1 

*95 








Aliiminia 


Silica 
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Table IX — contd. 

The Punjab Soils — contd. 

Metallic bases in relation to Silica and Aluminia— conid. 

(% on air dried soil.) 


Bases 

Aliiminia (CaO, MgO, 
Na,0, K. 0) 


SURFACE SOlLB-^michl 


SiiAirpuR. 


5-5.^ 


?*71 


a-00 


8‘19 


17-01 


9*80 


4*64 


5*48 


5*92 


11*21 


9*86 


8*21 


10*27 


13*89 


5*25 


13*75 


Aveuagb . 


11*30 


SUB-SOILS 


GtTEDASPUR 


2*33 


16*35 


20*36 


2*89 


1*73 


23*88 


Aveeaoe 


20*20 
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Table IX — contd. 

The Punjab Soils — contd. 

Metallic bases in relation to Silica and Aluminia— 


(% on air dried soil.) 
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Tabus lX-~contd. 
Tfm Punjab SoUs — contd, 


. 81I.IOA ANU AbUMINIA 
dried soils.) 


MeTAIiUC BAStfiS IN EEBATION TO 
{% on air I 


ilium in ia 


Aluniiiiia 


Bilioa 


Aveeagb 


Shahpuk. 


Avbragb 


SUB-SOILS— 

MON'i’GOflOiiBY. 


6*48 

15-67 

7-94 

18-14 

a-80 

17-91 

8-40 

16-72 

7*99 

14-00 

Aveeagk . 

15-49 

Lyalu?ui%. 



172 1 

77-56 

L88 1 

78*49 

185. ! 

86-79 

198 

^62*29 

200 

75-21 

202 

7539 


76-51 

206 

' 77*49 

208 

76-05 


78-95 

212 

6S-26 
















Aitalyses of Wheat Soils. 
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The PimjcJb Soils. 
Analyses op Sugarcane Soils. 
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Potash (Avl.) 
Phosj)horic (Avl.) 


The Punjab Soils, 

Analyses of the water extract of Alkali. Soils. 
Per cent on air dry fine earth.. 
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ADULTERATION OP BUTTER AND GHEE, WITH ANIMAL 
PAT AND VEGETABLE GHEE, AND ITS DETECTION. 


PHANIBHUSAN SANYAL, M.Sc., 

Assistant to the Imperial Agricultural Chemist, 

(Received for publication on 13th December, 1928.) 

Adulteration of ghee/ which is an important article of food in India, has been 
persistently carried out for a long time. Of late it has assumed such considerable 
proportions as to be a serious menace to public health. As Shroff^ points out, 
fats used for adulteration are often obtained from carcases of diseased animals. 
Mr. D, A. Rao® of South India holds the extreme view that adulteration is necessary 
to make the preparation of ghee on commercial basis economically paying. 

Various measures have been adopted and even legislation enacted in some places, 
but at best they have been only partially successful to put a stop to the practice. 

The task of the analyst has been rendered more difficult by the appearance on 
the market of an article which goes under the name of ‘ Vegetable Ghee.’ 

Methods in vogue are either unsatisfactory or so complicated as to be useless 
for routine examination of numerous samples. Enquiries received from time to 
time show that a rapid and reliable method for the detection of adulteration of 
ghee or butter is in demand. 

In India butter and ghee are chiefly made from the milk of buffaloes and cows 
and only very rarely from that of goats and sheep. 

The important physical and chemical characteristics of butter fat and ghee, 
from same source, have been found by Plymen and Aiyer'^ to be the same. 

Owing to great variations in the composition of natural butters and ghee which 
depend on the breed of the animal, season of milking/ kind and quantity of food 
supplied to the animal and also on the idiosyncrasies of the latter, ‘ it is not possible 
by merely carrying out the so called myid tests to detect in every case an admixture 
of foreign fat when the quantity is small.’® 


^ Boiton, E. R., aticl Revis, C. Some analyses of ghee. Analyst (1910), 35, 343-346. 

-Watt, G. Commercial Products of India, p. 479. 

® Rao. D. A. Economics of OM trade. Madras Dept, Agri. Bull, No. 79, Aj)peiidix D (1921), 

^ Piymon, P. J., and Aiyer, A. R. P. Mutual apj:)Hca1:)iUty of the analytical figures for butter and 
ghee. Mem. JMpf, AgrL hid. ^ Clieni. {ld2l),Vol.\A, 1 :^ 0 . 

‘'‘uPlymen, J., and Aiyer, A. R. P. Variations in some characteristics of the fat of bnffalo and 
cow niilk with changes in season. Mem. Dept AgrL Ind.^ Ohem, Ser,, (1921), Vol. VI, No. 4. 

Lewkowitsch. Cdiemical tcehnuiogy mid analysis of oils, fats and waxes. 4th Ed., Vol, I, ]>. 


( ) 


■. ■■ 


144 


DETECTION OF ABULTEEATION OF BUTTER AND OHEE 


Fats commonlj employed as adulterants may be of animal or of vegetable origin 
or of both. 

For vegetable oils and fats, the Phytosteryl acetate test gives a definite indi- 
cation of their presence, but uncertainty remains when animal fat is admixed. 
Generally, the presence of the latter in any quantity is indicated by a lower saponi- 
fication and Reichert Wollny values which are below 200 and 1 respectively for 
animal fat, whilst for ghee or butter fat they are 226 to 239^ and 29 to 42^ respec- 
tively. The above ranges are too wide to detect adulteration with small quantities 
of animal fat. 

Ave Lallement’s process is of distinct value in detecting adulteration of animal 
fat, but it breaks down, according to the author, in the case of overheated or rancid 
butter; and Trinier^ takes objection to its use in roxitine work thoiigh he recom- 
mends its use as a confirmatory test in cases of suspicious samples. 

A number of tests devised to distinguish between fats of difierent origin have 
been based upon their variations in solubility in diiferent organic liquids. The 
best known are those of Valenta^ and Crismer^ who determined the critical tem- 
perature of dissolution (turbidity temperature) in acetic acid and alcohol respec- 
tively. Both the tests are sensitive to slight variations in the moisture content 
of the solvents. 

Seidenberg^ dissolved fat in a mixture of alcohol and ether aspirated air in the 
mixture to cause variations in the solvents until turbidity was produced, when 
the volume of remaining liquid was recorded. The method is open to objection 
on the ground that water content of alcohol was not taken into account. Atkinson® 
dissolved fat in benzene and added ethylacetoaeetate till turbidity was produced. 
He found the turbidity number for a mixture of 72 per cent, lard and 28 per cent, 
cocoanut oil to be the same as for pure butter fat. So he evolved a second test 
using chloroform and ethylacetoaeetate which gave the same turbidity number 
for a mixture of 90 per cent, lard and 10 per cent, cocoanut oil as for butter fat. 
The latter mixture, however, is readily detected when benzene is used as a solvent. 

This method was not tested, as the author admits, with pure butter fat from 
different sources. The effect of wide variation of temperature on turbidity number 
was also not studied. Moreover, ethylacetoaeetate is a more costty re-agent than 
ethylacetate which has been used in the method evolved at Pusa. 

Orook^ used 2*5 c.c. of a mixture of carbolic acid and water (10 : 1) for 1 grm. 
of animal fat when two distinct layers were formed. No distinct layers were ob- 

^ Gh-osh, T. K. Statutory standard for ghee. Analyst (1920), 45, 444. 

^Trimer, S. H. Egyptian Butter and Samna, Analyst (1913), 38, 245. 

® Valenta, E. Jour, Soc, Chem, Ind, (1884), 3, 643. 

^ Crzsmer, L. Critical temperature of dissolution. Application to the analysis of butter. Abs» 
Analyst (1897), 22, 71. 

® Seidenberg. A method for the detection of foreign fats in butter fat. J. Ind, Engin, Cheni. (1918), 
10, 617-621. 

® Atkinson, H, J. Miscibility tests in the detection of adulterated butter. Me. OUl, Vnir, Pttb, 
Set. Ill (Ghem.), No. 65, (1926). 

^ Crook, W. Cl. A new method of distinguishing butter fat from some other fats. Analyst (1879), 

lib 
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killed at Piusa when hufMo butter fats containing less than 50 per cent, animal 
.'fat were tested tiy that method. '■ 

The present enquiry is the outcome of an investigation on the nature of the 
suspected adulteration in a sample of butter examined at Pusa. 

The butter was sticky to the tongue and the fat in it was insoluble in alcohol 
and difficultly soluble in ether. The sample was marked ^ A ’ butter and analysed 
and the results compared with those of two other sampleSj one of which w^as prc- 
Jiared at Pusa and the other obtained from a reputed firm in India and marked 
" B ’ butter. The results are stated belmv : — 


Goynpositioii of biiUers, 


Compositiuii 

Pusa 

buffalo 

butter 

B ’ butter 

‘A’ butter 

Limits allowed 


Per cent. 

Per cent. 

Per cent. 


Moisture ..... 

IS'Ot 

14*71 

11-71 

Less than IG per cent* 

Pat 

80-01 

S0-S2 

85-84 

jMoi’o than SO per 
cent. 

not fat .... 

0-99 

2*40 

0-74 

Less than 2-5 pet 
cent; 

Salts 

Nil ■ 

1-67 

1-61 

0 to 2 pfer cent. 

Ash : . . . . 

0-16 

1-89 

1-71 1 

1 



Physical and chemical cJiaracieristics of butter faL 



, , , .. , — - ■ 

Pusa 

biilfalo 

blitter 

‘ B ’ butter 

‘ A ’ butter 


Sp.Gr.li!2. • • . . 

^ 41°C 

0-9137 

0-9122 

0-9106 

1 : 

4 

Kefractive Index, reduced to 25'^’C 
( By Ab bo’s Ref ractometcr). 

1-4558 

1-4573 

1*4578 

> 

Reichert Wollny value 

38-9 

31*42 

27-8, ■, 


Iodine value .... 

26-41 

30*51 

32-99 


Saponification value 

•* 

231*7 

225-4 


Stearic acid (By Hchner and Mit- 
chell’s method) per cent. 

0-33 

■■ •*■ ■ 

1 8-43 , 


Limits 










U6 DETECTION OE ADULTERATION OF BUTTER AND GHl^E 

The results show that both 'A’ and ' B ’ butters are within the limits allowed* 
An abnormal quantity of stearic acid (8*43 per cent.) was, however, found in A ’ 
butter and this led to the suspicion that it was adulterated with animal fat. With 
Crook’s test, two distinct layers were obtained in ‘ A ’ butter fat, while no indication 
of layers appeared in either Pusa butter or VB ’ butter* 

On checking Hehner and Mitchell’s^ method with pure stearic acid, it was found 
to be fairly accurate as the following figures show : — 

•046 grm. of pure stearic acid was added to *466 grm. of buffalo butter fatty 
acid (insoluble) and *042 grm. of stearic acid was recovered. 

A method was, therefore, sought which is easy of manipulation and also rapid 
enough for adoption for routine analyses. 

The effect of combinations of various organic liquids was then studied on different 
mixtures of butter and animal fats, to find out one -which gives a precipitate with 
butter fat containing small amounts of animal fat but none in the case of genuine 
samples at the ordinary laboratory temperature in about half an hour. 

Of the solvents experimented with acetic ether (ethylacetate) was found to be 
suitable, as its boiling point is 77'^G and it can be kept dry over calcium chloride. 
93 per cent, alcohol was selected as the precipitant as it can readily be obtained 
by distilling rectified spirit. 

By trial a proportion of 3 c.c. of acetic ether to 4 c.c. of 93 per cent, alcohol was 
found to be suitable, for when 1 grm. of cow or buffalo butter fat is dissolved in 
3 c.c. of acetic ether (dry) and 4 c.c. of 93 per cent, alcohol then added to it at 30*^0 
and the mixture kept in a bath at 30^0 for half an hour, no precipitate appears. 
But a precipitate appears under the above conditions when the batter contains 
5 per cent, animal fat or over. 

It was also observed, that the larger is the amount of animal fat present in the 
mixture, the quicker is the formation and the more copious is the amount of pre- 
cipitate obtained by the above test. 

The effect of variation of temperatiue was next studied as follows. 

1 grm. each of pure butter fat, butter fat mixed with varying proportions of 
animal (goat) fat were weighed out in tubes, dissolved in 3 c.c. of acetic ether, the 
tubes placed in a bath at 40^0 and 4 c.c. of 93 per cent, alcohol added to each tube. 
The contents of the tubes were well mixed and allowed to cool slowly and the tem- 
perature observed when precipitates appeared in them. The results are shown 
below:— 



^ Allen’s Commercial Organic Analyses, Vol II, 4tii Ed., p. 303. 
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■Effect: qf tmrhferat/wre on preeipitaiionEy emetic ether— alcohol methocL 

-f- Signifies precipitation. 
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Temperature 
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9*97 per cent, 
animal fat in 
butter fat 

15-73 per cent, 
aiiiinai fat in 
butter fat 

24*00 per cent, 
aniniai fat in 
butter fat 
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,'■ :4-, 


Only the adulterated samples gave any precipitate at 30®C and this temperature 
was, therefore, taken as the standard to work to. 


Commercial samples of acetic ether often contain moisture, free acid and alcohol 
as impurities and should, therefore, be carefully pimfied and dried before me. In 
the present experiments, the following |)rocedui*e was adopted . 

500 c.c. of Merck’s acetic ether, sp. gr. 902 to 904 is shaken with 60 c,c. of 5 per 
. cent, sodium carbonate, solution, the' aqueous layer removed,' and the .ether washed 
three times with 30 c.c. of water each time; After separating the wash liquors, 
the ether is shaken with 60 c.c. of 40 per cent, calcium chloride solution and the 
etherial layer stored over calcium chloride. It should be filtered through a dry 
filter paper before using. 

The fat precipitated from animal fat by acetic ether— alcohol test was found 
on examination to give the following characteristics 

Melting point— "50^,0 (about). / 

Iodine value — 36-94. 

Stearic acid— 34*81 per cent, in the insoluble fatty aokls. 
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It tliiis appea-rs to be a mixture of tie glycerides of tie liigier fattyacids and 
contains a considerable amount of stearic acid. 


QUAXTiTATIVE ESTIMATION Ol? THE PEECIPI^rATE AND ll’S EELATIDN TO THfe 

ADtJLTERATlON. 

As tie precipitates apjp’ear iii increasing proportioiis with tie iiici’ease bf adiil” 
teratioii of butter fat witi animal fat (PL I), all attempt was made to correlate 
tieir quantities A?itli the extent of adulteration of butter fat with animal fat. 

For tie above pnrposej 1 gi‘m. each of various mixtures of fats were dissolved 
in ' urine centrifugal tubes ’ with 3 c.c, of acetic ether and 4 c.c. of 93 per cent, 
alcohol were added to it at 30°C. The mixture was then shaken and the tubes 
placed in a bath at 30°C for half an horn*. The tubes were next tightly closed with 
rubber stoppers and centrifuged for 5 minutes at the rate of 1,000 to 1, 100 revolu- 
tions per minute. The supernatant liquid w'as then thrown off and the precipitates 
washed with 4 c.c. of 93 per cent, alcohol by centrifuging as before and tie volume 
of tie precipitate read. Tie supernatant w^asi liquor w^as finally removed and 
the tubes dried in tie oven at 100*^0 for about 2 hours and cooled in a desiccator 
and \veigicd. The difference in the \veight of the tubes before and after the experi- 
ment gives the weight of the precipitate. 

The mean results of 5 determinations are shown in the following table. 

Deterniinaiion of the adtdteration of buffalo butler fat with animal fat by acetic 
clhor — alcohol method. 


Animal i'at in the mixtoe 

Volume of lirocipitate in 
‘ urine tube ’ 

Weight of precipitate 
gnu. 

Percent. 



0 ' r 

0 

. Nil ' , ■ 

5 . /' L 

""■'■,0*6 

- , ' , 0‘04 

, 10 ... : .. ; 

K) 

0‘10 

■ 15''' ' . , : .■ 

1*1 

O'lb 

20 

1-7 

0-21 

24;6 

2-0 

0*23 


It will be seen from the above figures that the weight of the precipitate obtained 
is approximately ^5^ th, grm. of the per cent, of animal fat present in the mixture, 




PLATE I 



Precipitation of adulterated butter fat by acetic ether — alcohol method. Numbers on the tubes indicate per cent. 

animal fat present in butter fat. 
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tliat is, per cent; adiilterat-ioii == 100 W, where W == weiglit of precipitate in grm. 
Tlie volume relation may be expressed as follows 

i«g% = Ifes' + == ' • • • • • A 

or approximately, log% == 1*31 log V -f 1 . . . . . . B 

Calculating oil the basis of the above formulae, we get the following figures. 


ilnimal fat in the mixture 


Calculated with 
formula A 


Calculated with 
formula B 


Calculated from 
weight 


Per cent. 
5 
10 
15 
20 
24*0 


Per cent. 
4*6 
9*9 
15*3 
19*7 
24*7 


Per cent. 
5*1 
10-0 
15*5 
20*0 
24*8 


Per cent. 
4 
10 
16 
21 
23 


The volume relation, therefore, seems to be more approximately correct. 

These results are in agreement with those obtained by the cryoscopic deter- 
mination of the lowering of the freezing points of fats which are detailed below. 

CryosGopy of Fats. The depression of the freezing points of moist benzene 
through the addition of different quantities of cow’s butter fat was determined and 
a curve plotted. Similarly, a curve for buffalo butter was obtained and these two 
curves appeared to be practically identical. The coefficients of depression of the 
freezing points in both the cases w’-ere found to vary with concentration of fat in 
the solvent, but with 18 to 23 per cent, fat in benzene they did not vary more than 

•oom 

The curve for the lowering of the freezing points of animal fat in moist benzene 
was found to be similar in type to those of cow or buffalo fat, but it diverged from 
them widely. 

The curve obtained for the mixture of animal fat with buffalo butter fat occupied 
intermediate positions between the curve for buffalo butter fat and that for animal 
fat ; the curves for the mixtures containing greater proportions of animal fat being 
nearer to that for pure animal fat. 

The mean coefficients of depression of the freezing points of moist benzene for 
concentrations of 18 to 23 per cent, of difl*erent kinds of fats in it are stated 
below :• — 


iSTature of the fat added to moist benzene. 


Cow" butter fat (mixed milk) . . . . 

„ from animal fed with grass only 
„ „ „ given concentrated food 

Biiifalo butter fat (mixed milk) . . . 

Animal fat . . . . . . 

9*97 per cent, animal fat in buff aid butter fat 
15*73 

24*00 ,, »* if if 


Mean coefficient of 
depression of freez- 
ing point, 

*0832 

*0827 

*0830 

•0834 

*0549 

•0829 

*0814 

‘0774 








' 


DETECTION OF ADUDTEEATION OF BUTTER AND GHEE 


Tlie loweriBg of tlie freezing points of moist benzene containing different qaan 
titles of different fats are shown in Charts 1 and 2. 

Cow BtbUer faij p 


AnitnaZ faZ 


2 4 6 8 iO 12 14 (6 18 20 22 24 26 

Crm.Fat in fOO grm. Benxene ( moist ) 

CHART 1. 

©> 0 Cow Butter fat A 

tr KBttffaXo Butter fat ^ 

e _0 %Animal fat in y^" 

Butter fat y ' 

A A „ „ X'" / X 

B~ — b24'&$% „ „ X y y 


Grm.Bat wi 100 gryn. Benxene ( moist ) 

CHART 2. 
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It will be seen from tbe above restiits that it is possible to detect the adulteration 
of blitter fat with 15 per cent, or more of animal fat by this method. 

The results are, on the whole, in agreement with those of Pailheret^ who used 
dry benzene and consequently got somewhat higher values for the coefficient of 
lowering of the freezing points between concentrations 18 and 21 per cent, fat in 
benzene. 

General APPLICABILITY oe the acetic ether — alcohol precipitation MxrrHOD. 

For the above purpose genuine butter and ghee prepared from cows and buffaloes 
fed on varying rations Yvere examined. These samples were obtained through the 
courtesy of the Government Departments of Agriculture of Madras, Bengal, Central 
Provinces and the State Department of Agriculture, Baroda. 

In applying the test, the following precautions were taken : — 

(1) Butter was melted and the clear fat, filtered through dry paper, was 

used for test. In the case of ghee, the whole of it was tAomigUy mixed 
after •melting and then a representative sample drawn out and filtered 
before the test was applied. This precaution is necessary as, with 
an undue proportion of solid (heaviour) portion only of ghee, the test 
fails. 

(2) The reagents w^ere added at 30°C, otherwise, if cold, a precipitate appears 

immediately. In case this happens, it is advisable to dissolve the 
precipitate by dipping the tubes in warm w^ater for a second or so 
and then putting them in the bath at 30°0. 

Examination of genuine butter and ghee from diftereiit sources. 


{a) Butter and ghee from cow. 




Bescbiptioj? 

3 c.c. acetic other 
+ 4 c.c. 93 cent. 

No. 

Nature 

Place from 

Ration given to animal 

alcohol + 1 gi*ra. fat, 
kept at 30^0 for -J- hr. 

1 

Butter fat . 

Dacca Farm 

Grazing only . . 

No precipitate. 

2 

Ghee . . . 

Do. 

Do. . . . 

Do. 

3 

Butter fat . 

Do. 

Green fodder, 2 lb. mustard 
cake, 3 lb. wheat bran, 

2 lb. husk. 

Do. , 


Ghee . 

Do. 

Do. do. 

Do,' : 

5 

1)0. . 

Pusa Farm 

Grazing, cone, food (no cotton 
seed) and green fodder. 

■ \ Do. ^ f! 

0 

I)o. . 

Hosur cattle Farm 

Hay, silage, rice bran . 

Do.' 

7 

Butter fat . 

Makerpura Farm, 
Baroda. 

Ordinary ration containing 
no cotton seed. 

■ Do. ■ , j- 

8 

Ghee. . . 

Hosur cattle 
Farm. 

4 lb. cotton seed, 1 Ib. rice 
bran and 1 lb. cake. 

Trace of ]>rccipitaio 

after 25 minutes. ' 

9 

Butter fat . 

Palace Dairy, 

Baroda. 

Ration containing cotton seed 

Do. ■ Yl 

!! 

1 


^ Pailiaeret, E. Cryoscopy of fats especially of butter and margarine ; Ahs. J. Soo. Chan. 1 lid* 
28(1909). 
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( 6 ) Butler and ghee from buffalo. 


DBSCKimON 


No. 

Nature 

Place from 

10 

Butter fat . 

Pusa (Local 

dealer). 

11 

Do. . : 

Do. Merchant 

12 

Ghee No. 3 

Nagpur Farm 

13 

Ghee No. 1 

Do. 

14 

Ghee No. 2 

Do. 

lo. 

Butter fat - 

Jiakerpura Farm, 
Baroda. 

16 

Do. . 

Do. 


3 c,c. acetic ether 
+ 4 e.o. 93 per cent, 
alcohol + 1 grm. fat. 


no CM>tton seed. 

Do. do. 

Iliunni and linseed cal 
equal i^roportion. 

liunni, linseed cake 
cotton seed (1:1:1). 

■hiinni, linseed cake 
cotton seed (1:1: 3). 

»rdinar.y ration conta 
no cotton seed. 


From the above results, it will be seen that (1) no precipitate appeared in the 
case of butter or ghee prepared from cows or buffaloes which were not fed with 
cotton seed ; (2) a considerable amount of precipitate appeared in the case of butter 
fat or ghee prepared from buffaloes fed tvith cotton seed ; while in the case of cows 
fed with cotton seed, the butter fat or ghee yielded only a mere trace of precipitate 
by the test which could be ignored. 

The method, therefore, fails only in the case of butter and ghee from buffaloes 
fed with cotton seed. 

The fat in this case, however, has been found to give a reddish tinge with Hal- 
phen’s test. Lighter colour* has also been developed by Halphen’s test with butter 
fat or ghee from cow- given cotton seed in ration, w^hile no colour appeared with 
samples prepared from animals not given cotton seed. 

By a series of trials a second test was evolved which gave no precipitate or on'y 
a trace with butter fat from buffaloes given cotton seed in their rations, but which 
gave a precipitate with butter fat or ghee, obtained from cows or buffaloes, if 
adulterated with 10 per cent, animal fat. 

This test simply consists in reversing the proportions of the reagents used in 
Test I, i.c., 4 c.c. of acetic ether and 3 c.c. of 93 per cent, alcohol used and in all other 
respects it is carried out exactly as described for Test I. This test is referred to 
as Test II in the context. 
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No appreciable precipitate was obtained by Test II witli any of the above 16 
samples of ])iitter fat or ghee, while a considerable quantity of the precipitate was 
obtained with a sample of cow’s butter fat containing 10 per cent, animal fat. 

The volumes of the precipitates obtaineifrom adulterated butter fat by Test II 
are given below : — 

Animal fat in crAv’s butter fat, r)er cent. 0 5 10 15 20 25 

I Volume of precipitate in * urine tube ’ , Nil Trace T *2 *4 *6 

> 10 per cent, buffalo body fat added to a butter fat from a buffalo fed with cotton 

seed gave, hy Test II, *2 volume of precipitate in ' urine tube 

It will thus be seen that the quantities of precipitates obtained by Tests I and 
II on the same sample vary considerably, so that unless the complete history of a 
sample of the butter or ghee is known, it is not possible to adopt these tests for the 
quantitative determination of the extent of adulteration. They will, however, 
easily detect an adulteration of butter fat and ghee with animal fat qualitatively, 
and when the history is known, the extent of adulteration can be found out by 
comparing the precipitate with those of artificially adulterated samples. 


Application of the tests I and II to butter fat adulterated with vegetable 
GHEE (hydrogenated OIL) AND OILS. 

Vegetable oils, such as cocoanut, olive, linseed, castor and mustard, have been 
found to yield no precipitate with either of the Tests I and IL 

Vegetable ghee (hydrogenated oil), however, when mixed with butter fat yields, 
by Test I, smaller amounts of precipitate than that obtained when animal fat is 
mixed,aswill,beseenfromthefollowingfigures:— 

Vegetable ghee in butter fat, per cent. * 0 5 10 15 20 

Weight of precipitate in grm. , . . 0 *004 - -0065 4)14 -020 

WitH Test II no precipitate appears unless the butter fat is very highly adul- 
terated with vegetable ghee (more than 50 per cent.). 

The vegetable origin of the adulterant can be definitely ascertained by phytos- 
teryl acetate (crystals) test. Iodine values for vegetable gbee, animal fat and butter 
fat have been foimd to he 61-5, 21-5 and 29, respectively. So a high iodine value 
of a sample, which is giving a precipitate by Te.st I, will lead to the suspicion of 
the vegetable origin of the adulterant. 
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ApPUOATION TO THE EXAMINATION OF COMMERCIAL BUTTERS. 

HaTing thus established the two tests for the detectiou of 
or butter fat, they were applied to a number of commercial butters from difierent 
parts of India with the object of finding out their genmneness. _ _ ^ 

Most of these samples gave a precipitate when tested ^ 

was expected, as most of the samples were prepared 

milk of biifialo, which are fed with cotton seed, is generally used for making butters 
With Halphen’s test, these samples gave orange or red colouration (faint) ^cordii „ 
as they were artificially coloured or not thus confirming the above supposition.^ ^ 

The results obtained by Test II show that out of the 18 sampks only one gave 
a precipitate corresponding to about 12 per cent, adulteration with animal fat. 

The tests evolved, tlieref ore, showed their applicability m the case o . 

I. Genuine butter and ghee from cow and buffalo given a great variety 
of rations including cotton seed. 

II. Samples adulterated with animal fat and vegetable ghee. 

IIL Commercial butters from different parts of India. 

The general usefulness of the tests for detection of adulteration of butter fat 
and ghee with animal fat and vegetable ghee is thus established.^ To distinguph 
between the animal or vegetable origin of the adulterant, determination of iodine 
value and phytosteryl acetate test should be resorted to. 

Conclusion. 

fll Two tests were evolved for the detection of adulteration of butter and ghee 
espLially with animal fat. They were based upon the solubility of butter fat and 
ghee in two definite mixtures of acetic ether (dry) and 93 per cent, alcohol^ under 
strictly controUed conditions of concentration and temperature, and the insolu- 
bility of the glycerides of higher fatty acids of animal fat m it. ^ 

(2) Test I consists in dissolving 1 grm. of melted fat in 3 c.c. of dry acetic e^ 
and adding 4 c.c. of 93 per cent, alcohol to it at 30°C and leaving the mixture in a 

bath at 30°C for half an hour. i « i 

Pure butter fat ahd ghee (filtered through dry paper) from cow and bi^alo 
which are not fed with cotton seed give no precipitate by this test, while adultera- 
tion to the extent of 6 per cent, or more with amimal fat produce precipitates whic 
are proportional to the amounts of adulteration up to a certain limit (25 percent,). 

Adidteration of ghee and butter with 12 per cent, or more of vegetable ghee 
(hydrogenated product) can also be detected by Test I. The vegetable ongm o 
the adulterant may in this case be established by the high iodine value and Phyt 

T^st iTowever, fails in the case of butter fat or ghee prepared from hiffalocs 
given cotton seed in their ration, but such butters or ghee give orange or reddish 
tints with Halphen’s test. Test 11 was evolved to deal with the.se cases. 
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(4) Test II consists in simply reversing the proportions of the reagents used 
in Test I, i.e,^ A of acetic ether and 3 c.c. of 93 per cent, alcohol are used. The 
other conditions of Test I are maintained. 

By this test butter fat and ghee prepared from cows or buffaloes given cotton 
seed in the ration as well as most of the commercial butters examined gave either 
no precipitate or only a mere trace, but adulterated samples containing 10 per cent, 
animal fat or more yielded appreciable amount of precipitate in half an hour. 

I take this opportunity of expressing my thanks to the Government Departments 
of Agriculture of Madras, Bengal, Central Provinces, and the State Department of 
Agriculture, Baroda, for their comtesy in supplying us samples of butter and ghee, 
especially prepared from animals given particular kinds of rations. These enabled 
me to study the applicability of the tests to butter and ghee prepared from animal 
reared under varying conditions of climate and food. 

Finally, I am grateful to Dr. W. H. Harrison, the Imperial Agricultural Chemist, 
for the keen interest he has taken in the work and constant encouragement he has 
given me during the investigation. 
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L Introductioii. 

The antimony electrode was first employed by Uhl and Kestranek ^ for the 
electrometric titration of alkalis and acids and, shortly afterwards, Kolthoff and 
Hartong ^ made a more detailed and extensive study of the electrode and showed 
that it was a reliable hydrogen-ion indicator for the determination of pH values. 
The latter investigators found that the relationship between potential and H-ion 
concentrations at 14°0. measured against a N calomel electrode was as follows : — 

E=--0415+d)485 pH (from pH i to 5) 

E=-009+‘()536 pH (pH above 

Recently Fraiike and Willaman ^ studied the application of the antimony elec- 
trode for the control of pulp and paper manufacture, and from a determination of 

i Uhl, A., and Kestranek, W. 1923. Die elekfcrometrische Titration von ASauren und Basen init der 
Antimonnhdikatorelektrode. Monatah. Chem., 44, 29-34. 

^ Koltholf, I. M., and Hartong, B. D. 1925. The antimony electrode as an Indicator for hydrogen 
ions and its ajjpiication in potentiometric titrations of acids and bases. Eec, Trav. Ghim Pays-^ 
■Bas.v44,vll3--120.' , ■' ■ .y 

^ Franke, K. W., and J. J. 1928. Measurement of hydrogen-ion concentration in the 

control of pulp and paper manufacture, Joitr. Imlus. Engin, GMm .3 2 % S7S5, 
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potentials measured against the if calomel electrode at 25° C. concluded that the 
relationship over a range of pH 1 to 12 could be expressed by the equation 

E=*050+*054 pH 

Accepting the formula of Franke and Willaman, Snyder ^ showed that the anti 
mony electrode could be employed for the determination of the pH of soil suspensions 
and his investigations have been closely followed by those of Lava and Hemedes ^ 
who confirm the reliability of the electrode ; but Irom their measurements against a 
N calomel cell at 26-— 29°C. and using a quinhydrone electrode as reference, they 
deduce the following relationship 

E==:-047+*055 pH. 

Tested in sugar solutions, the relationship found was 

B=*052+-057 pH. 

These observers also tested the electrode in soil suspensions and obtained in the 
majority of cases substantial agreement with the values obtained with a quinhydrone 
electrode, but in certain instances there was a marked divergence. 

For several years a study has been made in this laboratory of various metallic 
electrodes and their applicability to the determination of pH values, the object being 
to obtain a robust and reliable method suitable for field work ; but although several 
electrodes such as molybdenum and tungsten were promising, the only one which 
gave uniformly concordant and reliable results over extended periods was antimony. 
Attention was therefore concentrated upon the antimony electrode and the results 
of our investigations, which have been developed upon very dissimilar lines to the 
previous work briefly reviewed above, are given in the following. 


IL The antimony electrode as a pH indicator. 

All previous work, with the exception of a few measurements by Snyder,^ has 
dealt with potentiometric determinations made in solutions or suspensions which 
have been kept agitated or stirred. Our earlier investigations showed us that, 
although a quick and sharp equilibrium was obtained in buffer solutions under these 
conditions, a very good reading was also obtained when the liquids were at rest 
and, as this procedure eliminated cumbersome apparatus difficult of employment 
under field conditions, our investigations have been developed ahnost entirely under 
unstirred conditions. 

The antimony electrodes employed were made by casting sticks in vertical 
moulds and were prepared from different qualities of antimony ranging from 


Snyder, E. F. 1928. The Application of the Antimony Electrode to the Detenu inaticrii of the pH 
values of soils. Soil Science, 26, 107-112. 

® Lava, V. G., and Hemedes, E. D. 1928. The behavior of the antimony electrode in buffered and 
unbufiered solutions. Philip Agricultimst^ 17y 387-349, 
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'' ■regulim to; Merck's extra pure." ■ All the 'rods from whatsoever source gave 
similar readings .wiieii ap;plied to buffer solutions, the pH values of wliich. were deter-' 
mined by hydrogen electrodes but it w^as noticeable that a much quicker and sharper: 
equilibrium wurs attained with the extra pure " antimony rods and, consequently, 
most of our later iiieasurements have been made by these. Where, hov/ever, great 
accuracy is not required, there is no practical objection to the employment of rods 
made from ordinary qualities of antimony. 

In order to obtain a sharp equilibrium, it w'as found, essential to cast the sticks in 
vertical moulds in order to obtain a uniform crystallization of the metal. Horizon- 
|}ally cast rods always showed uneven crystallization and gave violent fluctuations 
around the point of equilibrium which made it difficult to obtain very accurate 
readings with the potentiometer. 

The vertically cast sticks are filed so as to remove any surface irregularities and 
holes, then smoothed with emery paper and finally polished with the finest carboriin- 
diim powuler and w'ater. This treatment affects the electrode and it is only after 
an interval of several days that uniform and accurate readings can be assured. The 
polished electrodes soon tarnish when put into use and as this is usually accompanied 
by a decreased sensitiveness, it is necessary to take steps to keep the surface bright 
and clean. The quickest and best method is to dip the electrode into aqua regia 
for a few seconds, wash quickly in water and polish with a damp soft cloth. Instead 
of using aqua, regia, it also suffices if the rods are first dij)ped into nitric acid, then 
into hydrochloric acid and finally washed and polished. Occasionally rods 
show symptom of poisoning " due to accidental contact with mercury or 
metallic solution, but in all cases this treatment with the acids has restored their 
sensitiveness. Electrodes treated in this manner have been in constant use in this 
laboratory for over two years and show no signs of deterioration. 

Our measurements of the electric potential in buffer solutions of known pH 
value u»sing a saturated calomel cell as reference electrode amply confirm the obser- 
vations of other investigators that the antimony electrode is an accurate indicator 
eminently suitable for the determination of pH values and there is, consequently, 
no necessity to emphasize this point further, but some reference is required 
at this point to the behaviour of the electrodes in stirred and unstirred 
solutions."' ■ 

In making these comparisons, the buffer solutions were placed in a beaker and 
mechanically stirred or not as the case may be. Into the solution the saturated 
calomel electrode and the antimony electrode were dipped and the potential read off 
on a sensitive potentiometer. In all cases readings were taken until two consecutive 
readings taken at half-minute intervals agreed with each other and this reading was 
taken as the equilibrium point. This point was attained in agitated solutions usually 
within two minutes, but a longer period of usually about 6 to 10 minutes was needed 
with unstirred solutions. Some results obtainedAvith rods made from an ordinary 
grade of " antimony are given in the following table. 
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i; . Table L 


Comqmrison of potentiometer readings in stirred an-d unstirred buffer: solutions using 
a pure anti^nony electrode and a saturated oalofnel cell. 


pH 

as determined by 

H. electrode 

Eeabings in volts 

stirred 

unstirred 

4-18 

* 

. 

. 

• 

• 


•1866 

•2277 

4-68 

* 






•2121 ■ 

•2652 










5-65 

• 

• 

• 

• 

• 


•2663 

•3077 

tv38 



- 

• 



•3176 

•3485 

e-S6 



• 

• 

• 


•3440 

•3702 

7-32 



• 

• 

• 


•3697 

•3917 

74)8 



• 

• 



•4056 

•4246 

8-57 



• 

• 



•4384 

•4557 

8-98 

• 

• 

• 

• 

• 


■4610 

•4742 


In all cases the readings obtained in unstirred solutions are appreciably higher 
than those obtained in stirred solutions. This observation is in agreement with that 
reported by Snyder ^ who estimated the pH values of soil emulsions with the electrode 
vessels both shaken and at rest, and the differences reported varied from *0004 to 
•0406 volt. This difference between the readings obtained under two conditions 
is probably due to a slow persistent drift in the case of the unstirred solutions, hut 
if the point of equilibrium is taken as that when two consecutive half-minute readings 
agree, and the equation connecting potential and pH is calculated from these read- 
ings, then pH determinations can be made on unknown solutions with an a(?curacy 
more than sufficient for all practical purposes. Because of this very slow drift, 
it is also essential that the antimony electrode should be standardized by means of 
the instruments with which it is to be employed. 



^ he. cit. 
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Fig.l. 

Graph showing relationship 
between potential and pH. 


In order to carry out our investigation into tbe application of tlie antimony 
electrode to soils, only electrodes prepared from Merck’s “ extra pure ” metal were 
used, and several were standardized by measuring the potential wken dipped into 
umtiffeihuSBT solutions mixig h saturated calomel electrode as reference, the tem- 
perature being about 30°C. The pH of the buffer solutions were determined by the 
hydrogen electrode. The average values obtained were as follows 


pH 

determined by 
H electrode 


Table IL 

Standardizat/ion of the antimony electrode. 


Volts (E) 


The graph of these values is shown in Fig. 1 and demonstrates that the relation 
between E and pH is of the form E=a-|-b (pH). 
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pH by Iwdrogen 
electrode in 
soil suspension 


4*44 


4*73 


pH by antimony 
electrode dipped 
into moist soil 

4-68 

444 

4*G3 


Emiiloying the method of least squares, the relation between pH and potential 
in unstirred solutions against a saturated calomel electrode at 30'’C. is 

E==-0234+-0498 pH 

E— 0234 
.0498 

The approximate relationship, pH= i*^''~’^|'"i , has been employed in all our 
subsequent work. 


III. The application of the antimony electrode foi the determination of the pH 

of soils* 


Table ILL 


Gpmpanmn of pH values obfmned by the antimony electrode dipped into the moist soil 
and those by the hydrogen electrode in soil suspensions. 


One of the main difficulties encountered in determining the pH value of a soil 
lies in the fact that the soil may give very different values according to the method 
adopted in preparing the soil solution or emulsion. Thus the value given by a soil 
suspension may be very different from the value obtained after the suspension has 
been allowed to settle, or clarified by centrifiigalizing or filtration. In our experi- 
ments with the antimony electrode we obtained fairly uniform results under these 
different conditions with alkaline and neutral soils, but very variable values were 
obtained with acid soils and particularly with those of a lateritio character. As in 
the case of the hydrogen electrode, the most satisfactory results were obtained with 
soil suspensions, but difficulties were experienced through the settling out of the 
soil particles during the course of the determination by antimony electrodes in 
unstirred suspensions. 

The difficulty was finally solved by the observation that, by merely dipping the 
antimony electrode into the moist soil, sharp satisfactory and reproducible readings 
were obtained which gave excellent agreement with the values obtained in soil 
suspensions by the hydrogen electrode. A number of observations made on Indian 
soils are given for comparison in Table TIL 


PLATE !. 




PLATE IL 



Laboratory apparatus for the determination of soil pH value. 
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Table Ill—confd. 


Comparison of pH values obtained by the antimmy electrode dipped into the moist soil 
^ and those by the hydrogen electrode in soil suspensions— eontd. 



This method of applying the electrode to the moistened soil is therefore strictly 
comparable to the hydrogen electrode and experience over two years has shown 
it to be convenient, quick, reliable and reproducible. In carrying out the tests, the 
soil is placed in a glass vessel of suitable dimensions, the bottom of which consists 
of a porous plate. Water is added in sufficient quantity to give a pasty mass when 
stirred and the glass vessel is then placed in a shallow dish containing salt solution 
' into which dips the end of a saturated calomel electrode. The antimony rod is 

dipped into the moist soil and there is thus formed a salt bridge between the two 

electrodes, the terminals of which are connected to a sensitive potentiometer. It 
has been found advantageous to stir the soil after the addition of water with the 
i antimony electrode itself, which is then removed and the adhering soil removed 

by polishing with a clean soft rag before replacing in moist soil for the readings to be 
taken. By adopting this procedure, a quicker and sharper equilibrium is attained. 

The great advantage of employing the antimony rod in this manner is the eli- 
mination of tedious manipulative processes and complicated apparatus, thiis enabling 
a portable outfit to be constructed capable of easy application to field work. Such 
a field apparatus is shown in Plate I and consists of a portable potentiometer (A), 


B 
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a portable saturated calomel electrode (B), provided witb a cup (C), containing 
saturated KCl solution into wHch a glass soil container (D) with a porous bottom is 
dipped. The antimony electrode (E) in turn dips into the moist soil contained in (D). 

A more elaborate set up for use in the laboratory is shown in Plate II. 

As most soil work is carried out between pH 4 and pH 9 and as an accuracy of 
•1 pH is usually all* that is necessary for ordinary soil investigations, the following 
method for standardising the rods will be found quick and convenient. 100 c.c. 
of B. D. H. Universal Buffer solution ^ diluted with 100 c.c. of water is placed in a 
vessel into which dip the calomel and antimony electrodes, and f NaGH is run in 
5 c.c. at a time commencing with the addition of 10 c.c. After each addition the 
potential is read off, the point of equilibrium being taken as that when two conse- 
cutive half-minute readings agree with each other. As the values of the Universal 
Buffer solution are only approximately given by the formula supplied by the makers, 
it is necessary to determine the actual pH at each point of measurement by means of 
the hydrogen electrode. These values, when plotted against the corresponding 
potential readings obtained with the antimony rod, yield a straight line graph from 
which the relationship between pH and the potential is easily determined. 

Experience over a number of years show’^s that this method of standardization is 
sufficiently accurate for practical purposes and the relationship obtained agrees 
well with that given by more accurately prej^ared biifl'er solutions and moreover 
saves a considerable expenditure of time. 

IV. The determination of the lime requirement of soils by means of the antimony 

electrode. 

The method previously outlined, of determining the pH value of a moist soil by 
merely dipping an antimony electrode into it, affords also a quick and accurate 
method of estimating the amount of lime required to be added to a soil in order to 
bring the latter to any predetermined pH value. 

All that is necessary is this Weigh out a number of 60 gram portions of the soil 
into separate beakers ; add to each beaker a measured quantity of saturated lime- 
water made up in each case to a total volume of 40 c.c. with recently boiled distilled 
water, and stirring the whole well. After an interval of half an hour, during which 
the beakers are occasionally stirred, the moist soil is transferred to the porous vessel 
and the pH of the mixture determined according to the method described in part III. 
At the temperature at which our experiments were carried out, viz,^ about 30^0., 
the lime-water used contained *00112 gram CaO per c.c. and, as in all cases 50 
grams of soil were employed in the test, this is equivalent to an addition of 22*4 
parts of OaO to a million parts of soil per c.c of lime-water used. 

A number of tests were carried out with a variety of acid soils obtained from 
different parts of India and Burma and the results are given in Table IV. 

^ Prex^ared according to the formula of Pr, E. B. E», Prideaux and Mr. A. T. Ward. 
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Table IV. 

Showing Ume requirements of various acid soils from India and Bmtna. 


pH value of mixtures of soil and iime-water 


c.c. saDurarea iime- 
waterperSO 
grams soil 

Jorhat A 

Shillong 

Dacca A 

Assam 

Dacca B 

Jorhat B 

Burma A 

SiHguri 

(humus 

acidity) 

Welling- 

ton 

Burma B 

0 

6-37 

6-53 

6-16 

5-00 

5-47 

4-68 

5-36 

5-75 

5-29 

4-71 

5 

7*22 

6-97 

6-83 

5-49 


5-01 



5-58 


10 

7-63 

7-21 

7-36 

6-07 

5-95 

5-81 

5*88 

6-i7 

5-82 


15 

8*16 



6-49 

6-31 

6-37 

6*13 


6-03 

5-25 

20 




6-91 

6-75 

6*79 

6-34 

6-62 

6-17 


25 




7-27 

7-04 

7-05 

6-66 


6-34 

0*36 

SO 




7-52 

7-38 

7-56 

6-90 

6-88 

6-52 


35 




7*83 



7*43 


6-73 

0*85 

40 ! 




7-93 


8-k 


7*23 

6-91 


45 1 






• • 


. . 

7-02 


55 







i 



Q>SS 


The process is in reality one of finding the titration curve of a soil by means of 
saturated lime-water and the curves obtained are shown in Fig. 2, The point of 



.i I 


0 
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tatoectioB of e.ot oorve mfli the ordinate pH 7 defemdnes ^ 

of the soil to ptodnce neutraUty. The foUowteg values ate thus obtained for the 

soils under review : — 

Table V. 


o.c. of satiirated lime- 
water required to 
give pH 7 with 50 
grm. soil 


Lime requirement 
parts per miilion^to 
produce neutrality 



Jorliat A 
Shillong 
Dacca A 


Dacca B 
Jorhat B 
Burma A 
Siliguri . 
Wellington 
Burma B 


In a similar manner it is possible by obtaining the intersection pomts of tie 
curves with other pH ordinates to determine the hme requirement for that value* 
The results obtained are reproducible and, even when difterent amounts of sod are 
taken for the determination, the lime requirement value does not vary materially. 
Furthermore, tests carried out when the soil was permitted to remam m contact 
with the lime-water for varying periods of time gave values agreeing with each 

This method of estimating the lime requirement of a soil therefore yields definite 
reproducible values, and is, moreover, one capable of bemg easily came4 out under 
fiefd conditions. Being applied to the soil in bulk, and not to an extrac. of the sod, 
it would appear that the values obtained represent the true lime requirement of a 
soil in that they are a very near approximation to the conditions which obtain when 
lime is applied to the soil in situ and measure, not only the amount of lime necessary 
to neutralise the soil acidity, but also the lime which is absorbed by the sod throiigb 
to to base ate. This i« borne out by the fact that A-u otter 

alkalis e.g., caustic soda, are employed m place of the lime-water m^equivale 
strength, very dissimilar volumes are required to reach the same pH. This w shown 
in the foUowing table when a soil was titrated with ^ solutions of lime-water and 

caustic soda. 
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Showing the pH mine obtained when 50 grams of a soil is treated with similar volumes 

of soluHons of CaO and NaOH, 


c.c. alkali added 

2a 

pH value with CaO 

pH value with NaOH 

0 . 

. 


. 

. 

. 



4-68 

4*68 

5 . 





• 


i 

5-07 

5*78 

10 . 








5*81 

6*51 

15 . 








6-37 

7-10 

20 . 








6-79 

' 7*53 ' . 

25 . 








7*05 

7*83 

30 . 








7*56 

8*28 

40 . 



• 

• 



- 

8*34 

.... 


Consequently, in order to determine the lime requirement of a soil, it is necessary 
that the operation of titrating it should be done only with lime-water. It is not 
permissible to employ other allmliiie solutions. 


Summary. 

1. The antimony electrode forms a robust and rehable indicator of pH values and 

c-m be employed for their accurate estimation either in stirred or unstirred 
solutions. 

2. The potentiometric readings obtained under unstirred conditions are somewhat 

higher than those found with stirred solutions, but tne relationship between 
pH and potential is of a simple character expressed by the formula E=a+b 

(pH). 

3. The pH values obtained by dipping an antimony electrode into moistened soil 

which is connected by a suitable salt bridge to a saturated calomel electrode 
are almost identical with those obtained by the hydrogen electrode in soil 
emulsions. 

4. This method of applying the antimony electrode permits of the employment of 

a simple and convenient apparatus for field work. 

5. The method also permits of titetion curves being obtained for acid soils in the 

field, from which the lime requirement of a soil for any predetermined pH 
value is readily computed. 
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PLATE I. 



LEFT TO RIGHT = MONTGOMERY HEIFERS Nos. H6. 115, 117, 120. 





ISOME DIGESTiBEJTy TRIALS ON INDIAN FEEDING 

STUFFS, PART rV. 

SOME PUNJAB HAYS, 11. 

BY 

P. E. LANDEB, M.A., D.Sc,, AJXl, 

Agricultural Chemist to Government, Punjab, Lgallpur 


AND 

PANDIT LAL CHAND DHABMANI, L.Aa., B.So. (Agri.), 

Research Assistant, Agricultural College, Lyall'pur, 

(Eeceived for publication ou 4th March 1029,) 

111 an earlier paper^ of this series of digestibility trials, an account was given 
of experiments carried out during the winter of 1926-27 to ascertain the value of 
some Punjab hays as maintenance rations for dry cows* It was shown that hays 
from some districts of the Punjab were adequate as maintenance rations, while 
others were not, and an indication was given of the amount of added wheat bran 
required to be added to the deficient hays in order to bring them to a maintenance 
standard. 

This work was continued during the cold weather of 1927-28 using four heifers 
designated by numbers 115, 116, 117 and 120 (Plate I), and employing hays supplied 
by the Military Grass Farms, collected from Bawalpindi, Miirree, Amballa and 
Lahore. An account is given of this work in the following paper from which it will 
be seen that only one of the four hays tested, namely, that from Amballa, came up 
to maintenance standard. The amount of added concentrate in the form of wheat 
bran required to be added to the others has been determined. 


SMement showing the age and weight of the heifers under experiment. 


No. of heifer 

Average of daily 
body weight : ^ 

Date of birth 

Age on 9th Novembeb 
1927 



Days 


lb. 





' ,,,ilo ■ ■ ■ . 

370 

4th duly 1925 

.2 

4 

5 

116 

dll 

6th July 1925 

' - 2 ' 

„ ^ 4 ^ 

3 

117 

435 

9th July 1925 


4 


120 

347 

28th Oct. 1025 

■ 

0 

11 


1 Laoider, P. E,, and Dliarmani, Pandit Lai Chand. Some Digestibility Trials on Indian Feeding 
fStuffs, III. Some Punjab Hays. Mmu, Dept, Agn. lMlm, Ch^m, Series, Vol. IX, No. 7. April 
1928. 
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All the heifers were of the Montgomery breed and between 2 and 2^ years old 

and were very similar in all other respects. 

The general method of procedure followed in these trials was the same as that 
described in the earlier paperh in every case a non-experimental period of about 
a fortnight’s duration intervening between the different dietary periods. 

The actual experimental periods and the rations used are shown in the following 
table : — 

Table I. 


I. 23rd iJ^ovember 1927 to 6tli 
December 1927 
Ditto • 

JI. ntli December 1927 to 13tli 
Jainiary 1928 • . • 

Ditto • • * 

III. 14th January 192S to 12th 
February 1928 « • 

20th February 1928 to 17th 
March 1928 . 

Ditto • 

V. 4th April 1928 to 17th April 
1928 .... 


Rawalpindi hay 
Murreehay • . . 

Raivalpindi hay and bran 
JMiirree hay and bran 

Farm diet (J^on-eipermiehtal) 

I.,aii03 e hay . . . . 

Amballa hay . . 

Lahore hay and bran 


Heifers 115 and 116. 

Heifers 117 and 120. 

Heifers 115 and 116. 

Hnifers 117 and 120. 

Heifers 115, 116, 117 and 120. 

Heifers 115 and 116. 

Heifers 117, and, 120. , , 

Heifers 115 and 116. 


At the end of the second period the animals appeared to be somewhat out of 
condition and in order to tone them up they \Yere put temporarily on a richer diet. 
Heifers 115 and 116 were given bran and gram in addition to Rawalpindi hay and 
heifers 117 and 120 were given bran and green oats in addition to Miirree hay. No 
experimental data were collected during this period, but the animals were weighed 
daily. The non-experimental period with Lahore hay preceding the fourth period 
was started on 13th February 1928. 

DESCBiPtriON OF TEE HaYS. 

Rawalpindi and Murree grass hays. 

These hays were representative of grass collected from the neighbourhoods of 
the Military Grass Farms at Rawalpindi and Murree in October 1927, the sample' 
from Murree having been collected somewhat earlier than the other, but both were 
representative of the pre-milk stage’". 

Both hays consisted mainly of a mixture of Andropogon Lin, known 

in the Punjab as Suryala "" diXiA Anihistiria a/naihem known in the vernacular 
as '' Loonder’". The inj0[orescence of the former contained many fine spiral spikes 
which caused some inconvenience to the animals when fed and perhaps detracted 
from the digestibility of the feed. 

i Lauder, P. E., and Dharmaxii, Pandit Lai Ciiand.^ Some Digestibility Trials on Indian Feeding 
Stulfs, TIL Some Punjab Hays. Mem, DepU A(Tn. 67im. /S'eric*-, Vol. iX, No. 7. April 

1928. 
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The Lahore hayr 

Tile grasses constituting this hay were collected from the Lahore Caiitoiiment 
area in October and November 1927 and consisted mainly of a mixture of four 
grasses, viz., (a) Andropogon Sorghum (Brot) Barn ”, (6) Iseilefna wigMii {Anders^ 
Ganni ”, (c) Seiaria glaum (Beanr) Ban Kangna ” and (d) Andropogon 
Iwaraneusa (Jones) var. Laniger Khavi”. 

The major portion of this hay appears to have been made from grasses collected 
somewhat later than the milh stage”, as mnch of the inflorescence was lost. 

The Amballa hay. 

This was composed of a mixture of five grasses collected within the Amballa 
Cantonment- area in October and early November 1927, vk., {a) Pemmeium 
cenckroides (Rich) Anjan ”, (6) Apluda mria (Hack) var. Aristata ”, 

(c) Paspapalum Sanguinale, (d) Setaria Intermedia R. & S., {e) PanicMm Samosum 
^.■^Knra”.' . 

This hay had obviously been made from grasses cut at an earlier stage than that 
of the Lahore hay and contained a far greater quantity of infioresceiice, a fact which 
may account for its higher nutritive value. 

Table II shoivs the ordinary chemical analyses of the hays, and in the same table 
the analyses of the mineral ingredients are given. 

Table III shows details of the dietary staMaids' and rati of ‘the'feeds of the 
different animals, while Table IV shows the digestibility co-edBficients obtained. 
Fig. 1 gives the growth curves obtained throughout — all the animals having been 
weighed daily. 
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Table III. 







CURVE SHOWING FLUCTUATIONS IN DAILY BODY WEIGHTS OF THE ANIMALS 

NON-EXPERIMENTAL PERIOD«.^.ae'®’o'% 

EXPERIMENTAL PERIOD 
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FeEDIHO TbIALS WITH iHBmBUAB HAYS. 

(A) Amhalla hay, 

Eeference to Table II shows that this hay was richer than any of the others in 
protein, with the comparatively high figure of 5’06 per cent. The total mineral 
content was also high, while the crude fibre was l ow. The same table (B) shows 
that the phosphorus, potassium and sodium contents were all much higher than in 
any of the other hays, the phosphorus content being the highest so far met with in 
any of the Punjab hays. 

These features are reflected in the results obtained during the trials when this 
hay proved itself to be a maintenance ration both from the positive daily nitrogen 
balances, and from the upward trend of the weight curve of the animals to which it 
was fed. 

From Table III we also see that the digestible protein is higher than that of any 
of the other hays, being almost double that of the Lahore hay, and three times that 
of the Eawalpindi hay, and about four times that of the Murree hay. 

The albuminoid ratio is also much narrower than for the others and the feeding 
trials revealed the satisfactory nature of the Amballa hay as a maintenance ration 
for heifers of the age and weight of those employed. 

As previously stated, this hay was mostly made from Aujan grass. The 
grass hay from Sialkot examined last year and reported in a previous publication^ 
was also made mostly from ‘‘ Anjan grass and was likewise found to be a 
maintenance ration. 

(B) Rawalpindi hay. 

Two heifers 115 and 116 weighing 370 and 611 lb. respectively were fed on Eawal- 
pindi hay for fourteen days following a nomexperimental period of 'the same dura- i 

tion, when it was found that the average daily loss in nitrogen during that period 
was 4-96 and 7*03 grams respectively, obviously indicating that this hay did not 
constitute a maintenance ration ; wheat bran was accordingly added to the ration 
in order to bring it up to maintenance standard. ^ ^ ^ ^ - 

In the trials conducted last year it was found that 1 lb. of wheat bran effects an 
added daily nitrogen retention of 5'56 grams, wben hay from Jullundur was used i 
as a basal ration, and as the Eawalpindi and Jullundur hays are roughages of very 
similar composition, this figure was accepted as a working basis. 

Assuming then that the efiSciency of wheat bran fed with Eawalpindi hay to he 
the same as when fed with Jtdlundur hay, 0*89 and 1*26 lb, of wheat bran when 
added to the Eawalpindi hay in the feeds of heifers 115 and 116 respectively should 
be expected to bring the ration up to a maintenance level. 



^ Lander, P. E., and BLarmam, Pandit Lai Chand. Some Digestibility Trials on Indian Peeding, 
Stnfis, TIL Some Pnjijab Hays. Mem, Defi, Agri, India, Ohem, Series, Vol. IX, Ho. 7, April 
1928. 
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In order. However j to arrive at practical figures with sufficient margin for indivi- 
dual error, the quantities of wheat bran added to the Rawalpindi hay were 1*6 Ibr 
for each animaL Thus heifer No. 115 was being fed more than the theoretical quan- 
tity required so that her diet should be well over a maintenance figure, while heifer 
No. 116 would be rather near the margin. The experimental period lasted from 
11th December 1927 to 13th January 1928, and during this period the average daily 
nitrogen retention figures for the two animals worked out at 7-05 and 4*73 gramSy 
respectively. 

Thus with heifer No. 115, it is clear that when losing 4*95 grams of nitrogen per 
day on a Rawalpindi hay ration, the addition of 1*5 lb. of bran per day converts this 
loss into a gain of 7*05 grams nitrogen per day. 

One and-a-half lb. of added bran, therefore, effect a daily nitrogen gain of 4-95 
plus 7^05 or 12 grams, or 8 grams per pound of bran fed. Heifer No. 116 was losing 
7*03 grams per day and in this case the addition of 1-5 lb. bran per diem effects an 
average daily nitrogen gain of 7*0^ plus 4-73 grams, or 11-76, i.e., 7*84 grams per 
pound of bran fed, a figure which agrees closely wfith that obtained for heifer No. 115. 

From these results, it may therefore be assumed that 1 lb. of bran can repair a 
nitrogen deficiency to the extent of 7*92 grams per day when Rawalpindi hay is fed 
acl Ub.i and from these figures it is possible to calculate on a theoretical basis the 
exact quantities of bran that should be added to Rawalpindi hay in order to bring 
the heifers into nitrogen equilibrium. Heifer No. 115 who was losing 4*95 grams per 
day will need 0*63 lb. of bran and heifer 116 losing 7-03 grams per day will need 
0*89 lb. of bran. 

The weights of the 2 animals being 370 and 611 lb. respectively, it maybe con- 
cluded that for heifers averaging from 400 to 500 lb. in weight an addition of one 
to one and a quarter lb. of bran will be required when a roughage such as that 
represented by the Rawalpindi hay is fed, in order to effect a maintenance ration. 

(0) Murree hay. 

In order to obtain similar data for Murree hay, heifers 117 and 120 w’ere fed 
Murree hay alone ad lib. for a fortnight from 23rd November to 6th December 
1927, this period being preceded by the usual non-experimental period of about 
a fortnight. As a result of this ration, heifer No. 117 weighing 435 lb. lost on an 
average 8-15 grams of nitrogen per day, while heifer 120 weighing 347 lb. lost 4*97 
grams per day. It was found in similar feeding trials last year that 1 lb. bran when 
fed with Jutogh hay given ad lib. as a basal ration effected a nitrogen retention of 
5*37 grams per day, and as Murree and Jutogh hays are roughages of similar type,. 
we have worked on the same assumption as in the case of Rawalpindi hay mentioned 
above, so that 1 lb, of bran may be expected to effect a gain of 5*37 grams of digestible 
nitrogen, a quantity which should repair the nitrogen deficiency in the case of heifer- 
120, while 1*52 lb. of bran would be required to bring the dietary of heifer 137 up 
to the maintenance level. 
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III order, however, to arrive at practical figures with a sufficient margin for in- 
dividual error, 1 lb. and 2 lb. of bran were added to the rations of heifers 120 and 117 
respectively. Thus heifer 120 was getting just sufficient, while heifer 117 was get- 
ting more than the theoretical quantity. Both these animals W’ ere put on the ration 
of Murree hay and bran on the afternoon of the 6th December 1927 and the experi- 
mental period lasted for about a month from 11th December 1927 to 13th January 
1928. 

The figures for the average daily nitrogen balance for the two heifers 117 and 120 
worked out at 8-83 and 3*87 respectively. 

Thus heifer 117 loses 8*15 grams of nitrogen per day on ration of Murree hay 
alone, this negative figure being brought to a positive one of 8*83 grams by the addi- 
tion of 2 lb. bran daily. The two lb. of bran, therefore, effected a total nitrogen 
gain of 16*98 grams or 8*49 grams per lb. of bran fed. 

Correspondingly heifer 120 which was fed one Ib. bran per diem converted a daily 
loss of 4*97 grams nitrogen into a daily gain of 3*87 or a total gain of 8*84 which 
agrees with the figure 8*49 obtained above for heifer 117. 

These facts reveal that one lb. bran can repair a nitrogen deficiency to the extent 
■of 8*67 grams per day when hay such as that represented by Murree hay is fed ad 
lib, to heifers. 

From the above data the exact quantities of bran required to be added to the 
ration of heifers 117 and 120 to bring them to nitrogen equilibrium are 0*94 lb., and 
0*50 respectively. 

The body weights of the heifers 117 and 120 were 419 and 335 lb. respectively, 
so that the quantity of added bran required for animal 'weighing from 350 to 460 lb, 
when fed Murree hay ad lib, is from 0*76 to 1 lb. in order to effect a maintenance 
ration. 

(D) The Lahore hay. 

This hay was richer than those from Eawalpindi and Murree in all constituents 
save the fat and nitrogen free extract. The experimental period lasted about a 
month but the ration was not up to a maintenance standard as both heifers 115 and 
116 lost nitrogen at the rate of 1*80 and 0*50 grams per day respectively {Table V). 
Wheat bran w^as then added to the ration, the experimental period lasting from 
.4th to 17th April 1928. 


Table V. 

Showing details of daily nitrogen balance in grams 
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On tlie basis of experience gained from the results of the work on Rawalpindi 
and Mnrree hay and also with added bran, half a pound of bran was added to the* 
Lahore hay rakon per diem, with the result that the average daily nitrogen figures 
obtained during the experimental period were 1*79 and 1*80 (positive) respectively. 

Thus heifer 115 shows a total nitrogen gain per day of hSO plus 1*79 for half a lb. 
of added bran so that one lb. represents 2 X (1*80 plus 1*79) or 7*18 grams. The 
corresponding figure for heifer 116 works out at 4*60 grams of nitrogen retained per 
poimd of bran fed. These figures are somewhat disappointing but indicate neverthe- 
less that the addition of half a pound of bran per day to the Lahore hay would bring 
it to a maintenance ration. 

Summary. 

1. Four hays were collected from Rawalpindi, Murree, Lahore and Amballa, and 
their respective feeding values determined, 

2. A consideration of the daily nitrogen balances reveals the fact that only the 
hay from Amballa was of a maintenance standard. This hay was mostly made 
from xAnjan grass ’’ {Penmsetmn Gench'oides^ Rich), and is richer in phosphates, 
potassium, total ash, and protein, in fact in most of the more essential ingredienta 
of the food stuffs. 

3. The grass hays from Rawalj)mdi, Murree and Lahore do not constitute 
maintenance rations when fed alone. 

The following table summarises the data obtained, showing the amount of added 
bran required for animals of a certain weight when fed with the hays employed in 
these trials. 


— 

No. of 
Leifer 

Average of 
daily body 
weight 

Hay and quantity eaten 

Quantity 
of bran 
eaten per 
■ ■ day 

Daily 
nitrogen 
balance 
in grams 


lb. 


ib. 



117 

4G7 

Amballa Hay . . . . 

8-7 

mi 

2*07' 

120 

376 

Do. . . . . 

7*8 

mi 

3*35 

115 

365 

Eawalpindi Hay 

4-9 

1*5 

7*05 

116 

490 

Do.' . . . . 

7-0 

1*5 

4*73 

117 

419 

Murree Hay . . . 

6*4 

2*0 

8*83 . 

120 

335 

Do. 

4*3 

1*0 

3•^S7 

115 

392 

Lahore Hay . 

1 7*6'' 

0*5 

1*79 

116 

511 

Do. 

9-0 

0*5 

1*80 


We wish, in conclusion, to acknowledge the help afforded by Lieutenant-Colonel 
Marriott of the Army Head Quarters (Military Grass Farms), for kindly providing 
as with the various grass hays, and Mr. D. P. Johnston, Professor of Agriculture, 
for supplying the animals ; also to Messrs. Akbar Ali and Hari Ram of the Chemical 
Laboratories for their assistance in the chemical analyses. 



PLATE !. 



LEFT TO RIGHT = MONTGOMERY HEIFERS Nos. 116, 115. 117. 120. 
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(Received for publication on March 1929,) 

In tke Punjab in the year 1925-26 some one and a quarter million acres of land 
were under American cotton, chiefly 285 F., 289 F. and 4 F., giving a yield 
of roughly one hundred and twenty thousand tons of seed, while corresponding 
figures for Indian cotton were roughly one and a half million acres and one 
hundred and sixty thousand tons of seed. 

The cotton seed produced represents an enormous potential source of oil and 
cake, the former of vrhich could be converted into vegetable ‘ ghee,’ while the latter 
would serve as a valuable feed for cattle. The general practice, however, is to feed 
the seed as it is without attempting to crush it, a procedure which is no doubt waste- 
ful as cattle do not require so high a percentage of oil in the ration. Desi seed is 
the more popular seed for feeding purposes there being considerable prejudice against 
the use of the American varieties, especially 285 F. and 289 F., partly due to the 
fact that they retain a certain amount of lint after ginning, and partly due. to the 
widespread belief that the seed causes some heating effect, although there appears 
to be no scientific basis for this belief. Considerable difficulty has therefore been 
experienced in disposing of the American seed with the exception of 4 F., which 
is practically naked, and this seed usually fetches a lower jirice than does the Indian 
variety. The heating effect where it occurs may be due to the high percentage of 
oil contained in the seed m., about 20 per cent., but Desi seed contains nearly as 
much. 

In view of these prevailing prejudices it was decided to undertake carefully 
controlled feeding experiments with each of these varieties of seed in order to ascer- 
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tain what their respective values were, and to note whether the American varieties 
produced the ill effects which they were reputed to do. 

The trials were commenced in April 1928, four heifers of the Montgomery breed 
designated by the numbers 115, 116, 117 and 120 being employed, whose ages and 
body weights were as follows;— 


Ho. of the heifer 

Average body 
weight in lb. 

Bate of birth 

115 . 

447, 

4th July 1925. 

116 . . 

570 

6th July 1925. 

117 . . . 

495 

9th July 1925. 

120 . . . . . . . . . 

410 

2Sth October 1925. 


Plate I shows the heifers and Fig. 1 shows the details of the body weights 
during the course of the experiment. 

Throughout the period rmder experiment, a non-experimental period on the 
particular diet under investigation was always allowed before the experimental 
period began, and before feeding any of the cotton seed all four animals were put 
on a basal ration of oat hay ftom the results of which the values for the cotton 
seeds could be computed when the combined diets were fed. 

The Oat Hay. 

The hay employed was made from the country variety of oats grown on the 
College Estate at Lyallpur in 1925, and was cut at the “ milk-stage ” for conver- 
sion into hay. The chemical analysis of the hay is shown in Table I and the results 
obtained from the trials carried out on the four animals are shown in Tables II 
and III, whilst the figures indicating the daily nitrogen balances when the gTn'mnk 
were on oat hay alone are given in Table IV. All the figures obtained are positive 
showing that the oat hay conforms to the requirements of a maintenance ration, 
while the digestibility coefficients for oat hay as a whole and also for its separate 
constituents are all normal. It appeared from these figures that the oat hay was 
a suitable ration to employ as a basal ration with cotton seed for the purpose of 
computing values for the latter. 















(Diuestibility coefficients op Cotton Seed) j (Dioestibility Coefficients of Combined diet 
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Showing details of daily nitrogen balance in grams. 
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During the course of the trials the usual: procedure and precautions have been 
observed which have been fully described in earlier papers’^* of this series oii diges- 
tilulity trials earned out at this Institute^ 

The chemical analyses of the various cotton seeds used are shown in Table I, 
and the only distinguishing features W'hich these figures reveal are that the American 
cotton seeds used were richer in fat and protein than the desi variety and that the 
American varieties 285 F. and 289 F. contain a higher percentage of crude fibre. 

On the other hand, the oat hay was richer in total ash but much lower in phos- 
phates, potassium and magnesium than the cotton seeds. 

The cotton seed wa>s fed twice a day, in the morning and evening, and was always 
soaked in water for twelve hours prior to being fed so as to soften the hard outer 
integument. The seed to be fed each day was also carefully weighed and stored 
in labelled cloth bags at the beginning of each experimental period after thorough 
mixing of the bulk supply when a sample was taken also for the chemicai analysis. 
This procedure also tended to minimise error likely to creep in from daily weighings. 

The actual amounts of cotton seed as shown in column 4 of Table III were fed 
in buckets which kept the seed separate from the oat hay which was fed nd lib, A 
sufficient quantity of the hay for each day for each animal was also weighed out 
into labelled gunny bags and the daily residues collected in separate bags and again 
weighed at the end of each period. The slight variations in the quantity of cotton 
seed fed were made in order to see whether such variations would have anj^ effect 
on the digestibility figures obtained. 

It will be noted that the amount of hay eaten by the animals is roughly pro- 
portional to their body weights (Col. 4, Table III). 

Table III also shows that the daily nitrogen balances expressed in grams are 
all distinctly positive, and that the albuniinoid ratio is within limits which are 
generally considered suitable. 

A glance at the body weight curve confirms the efficiency of the cotton seeds aa 
a concentrate if an increase in weight be taken as a criterion of efficiency. 

Table II shows the digestibility figures obtained from the combined feed (actual) 
and the cotton seed, the latter being deduced by calculation based on the previous 
trials when oat hay alone was fed as a basal ration. Table VI shows the quantities 
of the various nutrients digested per day for each feed. 

A survey of these figures does not reveal any pronounced difference between the 
values of the Desi and the American variety 286 F., but certain distinguishing 
features are revealed when we come to consider the digestible starch equivalents 
and digestible protein per 100 lb. of the cotton seed, and also the albuminoid ratio 
as shown in Table V. American 285 F. is then seen to be superior to the Desi variety 
in every respect. 
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Table V. 


Feed 

Per 100 lb. of cotton seed 

Albuminoid 
ratio 1 : 

Starch 

equivalents 

Protein 




lb. 

lb. 


285 F. American cotton seed • 

• 


77*95 

12-23 

,6*0 

289 F. American cotton seed * 

• 

• 

OS-25 

11*50 

5*6 

4 F. American cotton seed 

• 

• 

62-85 

10-67 

5-5 

Deii cotton seed 

f. 


69-57 

8-00 1 

8-6 


Oat hay. 

0»t hay I 38-30 I 2-22 j 25-4 


Note.— T he above figures have been obtained from the digestibility expEiiments. 
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Tliis experiment on its conclusion was followed by one in wMcli American 
varieties 4 F. and 289 F. were employed, the trial lasting from June 20tli to July 
IStli. Two animals were used in each case and tie method of procedure exactly 
as followed earlier. 

Tie complete data is shown in Tables I to VI along with tie earlier figures, 
and in each case the American proves to be superior to the Desi, 285 F. being the 
best of them all, showing a high figure for protein and starch equivalents per hund- 
red lb. of feed and also a satisfactory albuminoid ratio. 

SUMIVIARY. 

L The Chemical analyses of American cotton seeds 286 F., 289 F. and 4 P, 
(Gosst/pium Ursutim) show them to be richer in fat and protein than Besi cotton 
seeds. {Gossypium indiown), 

2. The digestibility coefficients of the various cotton seeds do not present suffi- 
ciently marked differences to warrant any definite distmctioii being made in their 
nutritive values but the digestible starch equivalent and digestible protein per 100 
Ib. of cotton seeds and also the albuminoid ratio reveal the superior value of 286 P, 
American cotton seed and to a lesser degree that of 289 F. and 4 F. American cotton 
seeds. Generally the American cotton seeds sell at a cheaper rate than Besi cotton 
seeds, therefore it pays to feed them in preference to Besi cotton seeds, the former 
being more nutritious than the latter. 

3. In spite of the warm season during which the experiments were carried on, 
no harmful effects whatsoever were noticed, nor were the animals ever choked as 
a result of adhering lint. 

4. It has been suggested above that an oil content as high as that shown by 
the cotton seed employed is unnecessary for these animals and that perhaps a greater 
utilisation of the feed would be made if oil seed cake instead of oil seed were fed. 
It is hoped when opportunity offers to obtain definite experimental evidence on this 
point. 

We wish, in conclusion, to express our thanks to Mr. D. P. Johnston, Professor 
of Agriculture, for supplying the animals and to Messrs. Akbar Ali and Hari Earn 
for their assistance in the chemical analyses. 


Morpc-M— III-l-38~ 1441-29—600. 
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In this paper an account is given of digestibility trials carried out at the Lyallpur 
Agricultural Research Institute on the following green fodders and their silage 
in order to study the effect of ensiloing on the digestibility of the fodders used : — 
green oats (Avena saliva), oat silage, green maise (Zea Mags) and maize silage. 

For the sake of comparison, some data obtained from oat hay during different 
periods and from green {Cyamopsis /psoralioides), is also given. 

The trials under discussion were started in June 1926 and carried on till the end 
of 1928 ; the details of the periods, the fodders and the animals employed are given 
in Table I. 

The general method of conducting the trials was similar to that described in 
earlier papers of this series and need not be repeated, but in no case were unsatis- 
factory effects noticeable in the animals under trial, which received regular daily 
exercise and bhe physiological condition of which remained good as may be seen 
from the weight curve (Fig. I) and the daily nitrogen balances obtained (Tables 
IVandVIII). 

Silage Pits. 

Three silage pits were used, two specially designed for these experiments with oat 
silage, the third being an ordinary farm silo pit filled with maize silage. The two 
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oafc silage pits were 6 feet deep with 8 feet diameter and were filled in the last 
week of March 1926, and opened in the first week of October 1928, after a period of 
about thirty months, when feeding trials were commenced with oat silage. The 
green fodder was cut to about half -inch length with the power chafi-cutter at the 
time of filhng in these pits. 

In pit I four sample bags were placed at depths given below 
J. 2 feet from the top. 

Bags II and III. Between third and fourth foot from the top. 

Bag IV. Between fourth and fifth foot from the top. 

These bags were filled with the green fodder under investigation at the time of 
filling in the silo pit and were taken out as the feeding proceeded. In the second 
pit for purposes of analysis three bags were placed at various depths as shown 
below: — 

Bag /. 2 feet from the top. 

Bag II. In the middle of the pit. 

Bag III. Between fourth and fifth foot. 

Two minimum and maximum thermometers were also placed under bags 11 and 
III in pit I, and one minimum and maximum thermometer 'was placed under bag I 
in the second pit. The maximum temperatures recorded by these thermometers 
range from 98® to 101 in case of pit I. 

These temperatures show a maximum point suitable for the production of the 
type of silage known as /^Acid brown silage ’’ which possessed a rich fruity smell 
and, was brown in colour and highly relished by the animals. 

In the second pit the maximum temperature recorded at a depth of 2 feet from 
the top was 95®B. It was noticed that the silage in the upper part of this pit w^as 
similar in colour to that obtained from the first pit, a rich brown, but the lower 
layers were of a greener colour and resembled in other respects that type of silage 
known as fruity green silage.” An analysis of these two types of silage, however, 
for various organic acids and volatile bases do not reveal any striking differences in 
chemical composition (Table VII). 

The silage in these pits when used was, therefore, about 30 months old and had 
been carefully protected from rain and weather by a layer of earth over the top 
shaped in the form of a mound. The details of making the silo pit and filling, etc., 
s re given in Bulletin No. 158 of the Agricultural Research Institute, Piisa. 

Table II shows the complete chemical analyses of the various fodders employed. 

The oat hay which was employed in the period shown in Table I was grown and 
stacked in 1925. 

The maize silage fed was grown and ensilaged in September 1927, and fed at the 
end of 1928, but the stage at which the fodder was gathered was rather advanced as 
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some of the cobs had started to form ; the result of this was that the silage produced 
was somewhat dry, a feature not uncommon to maize silage. 

The only special features in the chemical analyses to which attention may be 
drawn are, firstly, that the fat content of the silage in the two oat silage pits was 
very different although repeated analyses were made to check these figures ; secondly, 
that there was the high protein content of the green guara, with its consequent 
reflection in the albuminoid ratio of this fodder, which must, however, be interpreted 
in the light of its high moisture content. The green guara was fed at an early stage 
of growth before any inflorescence made appearance, (It was sowm on 11th June 
1928). 

In Tables IV and IVA full details are given of the feeding standards obtained 
for all of these fodders, and of the animals employed, also the details of the diges- 
tibility coefficients of the fodders and their chemical ingredients, whilst Table V 
summarises these data as averages. 

From Table IVA certain conspicuous features are revealed, for example, we notice 
that the digestibility coefficient of the fat in the silage from pit I is lower than the 
digestibility figures obtaiued from the fresh green oats, but in the case of the silage 
from pit II, whose fat content as seen from Table II was double that of the silage from 
pit I, the digestibility figures are considerably higher. No explanation of this has 
been found because even though the fat content was high, it is difficult to see why 
its digestibility should have followed suit and the reason for the different fat content 
in the two pits is also difficult of explanation, as the fodder employed in both cases 
was the same, the pits having been filled on two consecutive dates, f.e., 23rd and 24th 
March 1926. 

Looking up the digestibility figures for fat on the oat hay ration, we notice that 
the first four which were obtaiued from fully grown cows are lower than those obtained 
from the other six animals which were heifers. 

In the case of the digestibility coefficients of the 4 >rotein, we also notice that the 
figures are somewhat lower for the oat silage than for the fresh green oats. The 
figures for the protein of the oat hay are almost similar in the case of both heifers 
and fully grown cows. 

Turning to the column of daily nitrogen balances (Table IV), we notice that 
they all are highly positive, the lowest figures being obtained from the oat hay 
ration, while the highest figures were obtained with green guara, wmch gave a 
very narrow albuminoid ratio as stated above. 

Table VI shows the starch equivalents and digestible protein per 100 lb. of fodder 
and the albuminoid ratios in the same table, the same data has been computed on 
a dry matter basis for the sake of comparison. 

A conspicuous le^iture of the table is the high starch equivalents and protein 
content of the oat hay as contrasted with a corresponding high protein figure but 
a very low starch equivalent for the green guara. These facts which must be inter- 
preted in terms of moisture content are shown in the other half of the same table 
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where they have heea computed in terms of dry matter. The oat hay and the green 
guara are of equal value in starch equivalents per 100 lb. of fodder, but the vast 
superiority of the green guara over the oat hay is reflected in the figure for digestible 
protein, which is again reflected in an exceedingly narrow albuminoid ratio for 
green guara as contrasted with a very wide ratio for oat hay. We also notice that 
the starch equivalent in terms of dry matter in the case of oats has diminished after 
siloing, and the protein as such has also diminished by nearly 40 per cent, and at 
the same time the albuminoid ratio has widened as would be expected. 

Table VII shows the data which were obtained for the various organic acids and 
bases in the green and siloed fodders. An investigation of these features is valuable 
in throwing light on the chemical changes which may have occurred during the pro- 
cess of ensilage, and also helps one to interpret the nature of the silage which has 
been produced in each case, and which will vary according to the condition of tem- 
perature attained, and the condition of the material at the time of ensilage. For 
example, it is important in packing the silo pits that the material shall not be in too 
moist a condition which would conduce to a more solid consistency in pit, and conse- 
quently prevent proper aeration by the exclusion of air ; nor on the other hand 
should it be too dry. 

When silage is packed in a too sappy condition, the tendency is for an acid and 
unpalatable silage to he produced owing to interference with the proper condition 
essential for the production of good silage. 

A perusal of Table VII shows the increase of the volatile organic acids, amino 
acids, and the volatile bases during the process of ensilage. 

It will he noted that the amino acids, which reflect protein decomposition, 
increase pari passu with the volatile organic acid’ijhiit, as shown in Table IVA, the 
digestibility of the residual protein has somewhat decreased. The non-volatile 
organic acids have decreased in each case. 

There is not sufiicient difference in the figures from the brown and green silage 
in pit II, to warrant an assumption that any pronounced diffierence in chemical 
changes have occurred in these portions (Table VII). 

These figures for volatile and non-volatile organic acids are in agreement with 
those found by ^ Annett but are the reverse of what Amos ^ and Woodman found. 
They found that non-volatile acids were in excess of the volatile acids, while our 
figures show the reverse, with the exception of the results obtained in the case of 
bag IV in pit I. 

Another feature brought out in our trials is that the loss of dry matter during 
the course of ensilage is generally over 20 per cent., whereas Amos and Woodman 
obtained figures from 7-16 per cent, only (Table III). 

^ Aimett, Harold E., and Aiyer, A. R. P, vSilage Experiments at Nagpnr. Memoirs of the De'part^ 
msfrU of AgricuUttre in India, Chemical Series, Vol VIIl, No. 10, April 1928. 

* Amos and Woodman, Journal of AgrL Science, Vol. XII, 1922, p. 837, 
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It has beea shown that under the process of storing oat hay in stacks there is a 
progressive diminution in the protein content from 6-80 to 5*21 per cent, in the course 
of about three years. A similar small decrease is shown in the protein content of 
oats after being siloed for about 30 months. 

3 Summary. 

Feeding trials conducted on green oats, oat silage, oat hay, green maize, maize 
silage, and green guara, fed ad. lib.^ reveal these fodders to be effective maintenance 
rations able to keep the animals in health with high positive dail}^ nitrogen balance. 

1 2. The relative feeding values in terms of starch equivalent, protein, and albu- 
minoid ratio, have also been determined (Table VI). 

3. For purposes of preserving fodder for times of scarcity and famine, these trials 
indicate that both in terms of composition and digestibility it is better to ensilage 
the green fodder rather than convert it into hay. The ensilaged material also proves 
more attractive to the animals than does the hay. 

In conclusion, the authors wish to express their appreciation of the valuable 
assistance rendered by Mr. Johnston, Professor of Agriculture, Punjab, in pro- 
viding the animals and fodders, and to Messrs. M. Akbar Ali and Hari Ram of the 
chemical section for their assistance in carrying out the analyses. 


Table I. 


Showing the ^periods, fodders and the animals employed in the digestibility 

experiments. 


Period 

Fodder 

Animal 

(Name or Number) 

4tli to ISth June 1925 . , . . . 

Oat hay . | 

Cow : Lundi. 

Ditto . . . , . 

Do. 

„ : Moni. 

28th October 1925 to 16th November 1925 

Do. . 

^,,|:Luoy. 

Ditto . . • . , . 

Do. 

S : Alice. 

25th January 1926 to 18th February 1926 

Green oats 

Heifer : Bimla. 

Ditto 

Do. 

„ r:]^Ursula. 


Ij’; v : : 

l98 DIGESTIBILITY TRIALS ON GREEN FODDERS AND THEiR SILAGE 

^^v : : ^ Table I — contd. 


Showing the periods, fodders and the animals employed in the digestibility 

experiments — contd. 



Aniinai 

(Name or Number) 


Fodder 


Period 


Heifer : 104. 


19 til to 25th April 1927 
Ditto 

24th April 1928 bo 86h May 1928 
Ditto 


Ditto 


Greea guara 


24th August 1928 to 6th September 1928 


Green maize 


17bh to 29th September 1928 


Oat silage (Pit I) 


lOtli bo 21st October 1928 


Ditto 


1st to 12th November 1928 


Ditto 


IHtto 


2 1st November 1928 to 8th December 1928 


Maize silage 
































Table IV — contd. 



Digestibility coefflcients I BTutrients digested per day 


















cmtd 








Table VTI 



Showing details cf daily nitrogen hcda/nm in grams. 




Table VIII — contd. 


208 


DI6ESTIBILITT TRIALS OK GREEK FODDERS AKD THEIR SILAGE 



A NEW METHOD 
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(Received for publication on 15th January, 1929.) 

A vast amount of litera,tuxe methods 

methods of mechanical analysis of soils. which are simpler and take 

have almost entirely been replaced by pipette methods whicn P 

very miicla less time. , / • i t^rp^^T■n^mrv treatment of the soil, 

A good dool of ottootioA has beou Xte teeAing up 

structures. , nnt under the auspices of the In- 

terna^wtociSy ol ToS^ 

00.0 cos., W is 

the lutomotioMl method A, *"^“foaunot be denied that the 

Without being unduly critical towards to 

fundamental objection again^ aci + l^y gayino- that it is inevitable, and 

stituents takes place, cannot be answerec SO* to 40 per cent., as it actually 

whenthislossassumess^hM^W^^^^^^ 

does m calcareo^ if k this reason that a number of workers still prefer to 

altogether ignored. It js ^ dispersion so that the soil aggregates are 

employ a much less drastic metho i,^,v,a+bArl<i mu be of individual interest 

not cAplotely brota up. Howevor, “^^gUy^ho sorstacture. 
only, to enable a person to iMer enapiricaUy J adoption of the 

Keen has very rightly emphasised the de- 

Intcrnational method^, because m t e results with those obtained by 

sirable to be able to compare directly ones own it 

workers in other countries. , . , , „„,i renroducible, is by no 

The International method, though absolute and but 

rXg StuS'S rrarX^Be an .ho adv.ntago ^o 

iKeen ,B. A. Stijpplemenls io tU Ptoc. im. Soe. Soil So., Voi. 1, No. 1 (1928). 
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International metliod without its inherent defect that it involves the destniction 
of varying amounts of soil constituents depending on the nature of the soil, 
devdopmeir^ Present paper is to outline such a method after tracing its 

^ Forty-seven soils were used for this investigation (Table I) ; ol these nine were 
Oci carious, containing from 30 to 40 per cent, calcinni carbonate. Tlie soils will 
be referred to by tlieir serial number , 

Table ■ 1. 

InTEE3S’ATIOJS1AL SOILS. 

CzechosloDahia, 


Serial No. 
1 

^ '^2 ' 


Kendzuui soil Geje (sent by Dr, Novak). 

Poclfcjol soil Zd ar (sent by Br, Novak). 

England. 

Hoos Mow (Kothamstcfl) 18-27", coUoeled ou 4ik July 1924. 

Hungary. 

Soil from Budapest {sent by Dr, ’Sigmund). 


5 Badob soil for comparative analy.sis from Wad Modani, Sudan, Yo, KM 10. 

United States of A-merica. 

0 Hillsdale sandy loam 0 (gout by Dr. Bouyoueos, U. S.). 

7 Chippewa line sandy loam B (sent by Dr. Bouyoueos, U. S 

8 Onaway loam C (.sent by Dr. Bouyoueos, U S ) 

9 Ontonagon clay B (sent by Dr. Bouyoueos, U.’s.). 

10 Michigan clay loam (sent by Dr. Bouyoueos, U. S.). 

ImdIAS SOILS, 

Punjab. 

11 Soil from Punjab B. B. N. 

12 LyaHpur Agricultural CoUogo 27.F2 Plot No. 3. 

13 Punjab Soil sent by Sir Ganga Ram (bad patch), 

14 hma, sandy loam 384/1920 canal in igatod. 

15 Sirsa loam 381/1020 canal irrigated. 

16 Sirsa clay 385/1920 canal imgatod. 

17 Kama! sandy loam 786/1926 well inigated 

18 Karnal medium loam 787/1920 well irrigated. 

19 Karnal clay 788/1926 weU irrigated. 

20 Fhmpur sandy loam 778/1926 weU irrigated 

21 Moga medium loam 770/1926 well inigate 1 

22 Moga clay 780/1926 well irrigated. 
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Table I— coMcW. 

Im>ian soils — conid , 
Madras, 

Serial No. 

23 Nandyai Algrioultiirai Station, Field No. 3A, Plot No. I . 

24 Koilpatti Agricuitnrai Station, black soil (no manure). 

25 Bangalore soil A. T. 15. 

■'28"/' . Godavari soil A. T. 16. ' 

27 Soil from Malabar, Enad Taluk. ^ 

28 Clayey soil of Puiija lands, Kuppa Puram (Aileppey). 

29 Acid soil. Tkuravoor East Kan (Travancore). 

Bombay. 

30 Light Cotton soil, Indore (unmanurod). 

31 Poona soil, KaltM plot, light soil 20. 

32 Manjri Dry Farming Station i>iot 2 control. 

33 Akola soil from pot culture house (A. T. 23). 

34 Dhan^'ar soil, new sample (A. T. 24), 

U>iited Frovmuc'. 

35 Kalianpur soil M. E. 4. 

36 Government Farm, Etawah (M. E. 11). 

Assam. 

37 ShiUong soil (A. T. 17). 

Bengal, 

38 Dacca acid soil (sample 4 from pot culture house). 


Calcareous soils from Busa (Bihar) 


39 Gonhri (M. E. Series). 

40 Bhograson (P2A).^ 

41 South Paiigarbi (P3), 

42 South Pangarb 3 (PSA). 

43 North Pangarbi (P4). 

44 North Pangarbi (P4A). 

45 Brickfield No. 1 (P12). 

46 Brickfield No. 2 (Pll). 

47 Jhilli (P 10). 


23*7 per cent. 
35*6 i>er cent. 
36*9 per cent. 
42*4 per cent. 
34*4 per cent. 
38*7 per cent. 
34*5 i^er cent. 


O-iGO,. 

CaCOg. 

CaCOa. 

CaC03. 

GaCOa. 

GaCOa. 

CaCOa, 


32*7per cent. GaGOa. 


Ammonia has been almost universally employed for the final dispersion of the 
soil for mechanical analysis. This is largely due to the belief that, at the time of 
drying the various fractions, the whole of the ammonia is driven away and thus 
no error is introduced by its use. However, it can be shown that this belief is er 
roiieous ; as a matter of fact, after the acid treatment, the soil, if treated with ex- 
cess of ammonia and then oven-dried (100° — 105° G.), retains an amount of ammonia 
which is approximately equivalent to the amount of alkali required to bring that 
soil to neutrality. In Table II are recorded values for ammonia absorption as 
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well as JSTaOH required to make the soil just alkaline (using 0*2 per cent, solution 
of Brom Thymol Blue as an external iiicBcator). ^ ^ 

In every case 10 grm. of soil were treated wuth dih^^ HCl exactly in the 
manner recommended for mechanical analysis. After washing free from excess 
of acid, it was transferred to a crystallising dish, treated with excess of r™ 
ammonia solution and left in the oven overnight. Next morning ammonia was 
determined by distillation with lime. 

Another weighed portion of the soil was similarly treated with acid and after wa- 
shing was transferred into a stout beaker. — NaOH was then gradually run in 
with frequent stirring ; with a glass rod a drop of the suspension was occasionally 
thrown over a drop of the indicator on a porcelain tile ; the production of bluish 
green colour was taken as the end point. 






I . 
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1 It is clear from Table II that if the amount of alkali does not exceed that 
required for bringing the soil to neutrality, the results of mechanical analysis ’svill 
be always comparable whatever alkali may be used for the final dispersion. ' This 
i affords a means of comparing the efficiency of various alkalies. The general 
conclusion may be stated as follows : — LiOH and NaOH are very much more 
powerful dispersing agents than NH^OH and KOI! ; ammonia is the weakest. 

A comparison of the dispersing action of LiOH and NH^OH on six soils (Table 
III) will make this point clear. The soils used for this purpose were acid treated 
as preliminary to mechanical analysis and then dried. 

In the process of drying, the particles got cemented together and a comparison 
of the clay content by the two hydroxides will give an idea of the difference in 
their dispersing power. In the case of NH^OH the suspension was shaken \vith 
; 1 per cent, ammonia for 24 hours, whereas in the case of LiOH, it was simply left 

I for 24 hours mth the requisite amount of hydroxide to make it slightly alk.aline. 

I The moisture absorption at 60 per cent, humidity by various soils i.s also recorded 

I in Table III. 


Table HI. 


Comparison of the dispersing power of NH/)H wnd LiOH. 


■ . . . ■ ■ ‘ ■ ' 1 

Soil Serial No. 

Clay (0*002 mm.) 

Of 

■■/O' 

Moisture at 

50 per cent, 
liuniKlity 

NH/)H 

LiOH 

24 

. 

. 




V 

3S'44 

49-S 

■ Of . 

, . ■■ /O' 

10-05 

,25. 

• 



• 



23*0 

v;--, 

0*68 

2C 



• 




' 35*4 

37-lC 

I ■ '■■ / 

33 

• 

• 

* 




38-58 

*(50-02 


34 




• 



30*20 

(50-54 

10*07 

37 

• 

• 

- 




; 39*8 

i ' . ■ .':■ :■ 

*.3(5-2 

3-42 


* In these cases NaOE was used instead of LiOH, 
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A glance at Table III will show that ammonia is unable to 
the soils after acid treatment if once they have been allowed to dry, and the results 
for clay content obtained by shaking such soils with ammonia show no relationship 
to moisture absorption, while LiOH and NaOH give maximimi dispersion without 
any shaking at all and, on the whole, show a much better agreement between the 
clay eoiitent and moisture absorption. 

In order to see the minimum time required for maximum dispersion of a soil 
by NaOH, soil No. 33 (acid treated and dried) was shaken with the requisite amount 
of NaOH for varying intervals of time and the clay determined immediately, ufier 
6 hours and 24 hours. The results are recorded in Table IV. 

■Table IV. ■ 


The effect of time of shaMng with NaOH on the clay coMei'it cf soil No. 33. 


Time of shaking (minutes) 

Clay (()‘002 mm ) pee cent. 

Determined 

immediately 

After 6 hours 

After 24 hours 

..O' ... ' . . , . . .. ... 

45-4 

' i 

59*98 

60-01 

10 

55*C 

: 59*36 

60*82 

20 

570 

59*66 

60-04 

SO 

570 

60*08 

6042 

40 

5S'4G 

60*22 

00*58 

50 

580(1 

60*02 

60-98 


It seems that 40 minutes shaking or 6 hoims standing would disperse all the clay. 

A number of soils were examined both by the methods of Hissink, new Ejiglish, 
and HCI,^ as well as NaOH and LiOH addition after the acid treatment. As 
the first three methods gave closely agreeing values, their mean is only recorded. 
The suspension in the case of NaOH and LiOH was only occasionally shaken with 
hand during 24 hours. The results recorded in Table IV leave no doubt as to the 
superiority of NaOH or LiOH over ammonia. The ditierence though not very 
great is, on the whole, in favour of the former ; and when it is remembered that 
shaking was entirely eliminated, this becomes all the more striking. As a rule, 
the suspensions were shaken for one hour when the sampling had to be done imme- 
diately. 

^ Puri, Amar Nath, and Amin, B. M, A comparative study of the Methods of Preparath^n of the 
Soil for the Mechanical Analysis, with a note on the PipjM>tte method. jigri Ii€i\ Puna Bull, 
1751 192S>. 


Table 7, 


Glay mnteni of soils determined by mrious metTmds, 


Sofi 

Serial No. 

Hissink, new 
Eug&h, 1 
HCl (mean) 

* Clay (0*002 mm.) pee ceht. 

NaOH 

LiOH 

tNaCl 

I 

. 

. 

. 


. 

, 

27-2' 

25*6 

26*3 

26-8 

2 







26*4 

24*9 

27*9 

22*0 

3 







35*4 

37-3 

37*6 

37*6 

4 







32*1 

31*2 

33*7 

32*5 

11 







53*2 

59*7 

58*0 

59*7 

12 







11-6 

13*4 

.. 

.. 

23 







50*3 

56-6 

54*2 

59*1 

24 







49*7 

58*2 

56-4 

59*4 

30 







54*7 

61*3 

58-1 

57*8 ' ■ 

31 







30*9 

32*8 

32*0 

30*9 

32 







53*6 

58*0 

55*2 

63*9 

35 







14*5 

13*8 


, . . . 

36 







13*7 

15*7 


■ 

39 

• 



• 



34*3 

32*3 

31*2 

29*2 


♦ All values refer to the oven dry weight of the soii 
t The significance of these values will be brought out later. 


Having established that Na and Li salts of the exchange complex can be dis- 
persed very easily, it followed that if all the other replaceable ions in a soil be re- 
placed by Ha by the action of Had, then this soil should disperse jnst as readily 
as if it were treated with acid followed by NaOH treatment. 

A number of soils were treated with N, NaOl (6 to 6 hundred c.e, in 100 c.c. lots) 
and finally washed only with a small quantity of water just to displace the excess 
of HaCl. The suspension was shaken for one hour and analysed mechanically. 
These results when compared to those obtained with NaOH after the acid treat- 
ment show a very good agreement as regards the clay content (Table VI). 

The results with calcareous soils axe of special interest. It is clear that clay is 
very little affected by acid treatment, the loss in the main being confined to coarser 
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fractions. This is shown in a striMng manner in Fig. 1 where the summation curves 
of two soils are given both with and without acid treatment. 


Fig. 1. Siiinmation curves of two calcareous soils with and without acid 

treatment. 
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Table VI. 

Mechanical analysis of soils with acid treatment {-{-NaOH) and without acid treatment 

.. ■ (NaCl). : 

! ■ Mechanical AifALYSis 


Soil 

Serial No. 




Library, ^2 
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In the NaOl treatment of the soil for mechanical analysis it is not necessary 
to wash the soil with water finally to get rid of the excess of the salt ; in fact, the 
soil gets peptised so easily that it is better to wash it in the end with i NaCl, 
which can be finally displaced by gently adding 10-20 c.c. of water or it can be 
got rid of by suction if washing is done in a buchner funnel. It must be remembered 
that Na soil is not easily flocculated by even large amounts of NaCl as will be seen 
from Table VII, which shows the effect of incre? sing amounts of NaCl on the clay 
content of soil No. 33. The soil was first treated with acid and neutralized with 
NaOH and then shaken with different amounts of NaCl for one hour. It appears 
that even 40 o.c. of ~ NaOl has no appreciable effect. The actual weight of 
5-10 c.c. of i NaCl which might be held back by the soil, when diluted to 1000 c.c., 
is negligible in 25 or 50 o.c. of the suspension that is pipetted for evaporation and 
this cannot introduce any error. 

It is also desirable to add some NaOH to the suspension after NaCl treatment 
just sufficient to make it allcaline to phenolphthalein, as complete dispersion can 
only take place in alkaline media. The presence of NaOH ensures against any 
danger of incomplete dispersion due to incomplete displacement of all other ions 
by Na or insufficient washing as the stability of the suspension is much more 
tolerant to the presence of neutral salts in the presence of NaOH. For 
instance, soil No. 33 after HOI treatment and NaOH neutralization required 
160 c.c. of NaCl to produce visible flocculation, but when 40 c.c. of ~ 
NaOH were added, even 270 c.c, of ^ NaCl did not produce flocculation. The 
actual weight of NaOH added is usually too small to be allowed for in the weights 
of the various fractions. 

Table VIL 

Bffed of increasing amounts of NaGl on the clay content of soil No. 55, acid treated 

and neutralized with NaOH. 

N 

C.C. of NaCl added to 10 grm, of soil. 


Clay (0*002 mm.) 
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The writer has never found any use for the Hg Og treatment chiefly advocated 
by English workers and HissinkK In the tropics one is seldom called upon to 
deal with soils containing a high percentage of humus which Hg Og is supposed to 
destroy. However, if some workers wish to retain its use, there is no reason why 
NaCl treatment should not precede or follow the HgOa treatment. 


washed with about 100 c.c. of ^ NaCl solution and when the whole of it has 
been drained ofl, about 10 c.c. of water is gently pomed on the soil which 
has been brought to the bottom of the filter paper. This displaces the major por* 
tion of NaOl. The siispension is then transferred to a stout beaker with 3 to 5 
hundred c.c. of water. ^ NaOH is then gradually run in till the suspension is 
just alkaline to phenolphthalein (used as an external indicator) and mechanically 
shaken for 1 hour or left for 5-6 hours with occasional hand-shaking, when it is 
ready for maTHug up to the desired volume for the pipette method. 

For washing the soils the writer found Buchner fimnels of 3" to 4" diameter very 
satisfactory. For this purpose it is convenient to stick the filter paper with a little 
molten wax run round the edges after first moistening the paper with water and 
applying suction. In this way the whole of the suspension (1 to 2 hundred c.c.) 
can be poured in without any risk of the filter paper lifting up. Practically no 
soil particles enter the pores of the filter paper if the latter is of fine texture like 
Watman 50 ; and when washing is complete, the whole of the sod can be transferred 
into the shaking bottle with a jet of water. 

It is not necessary to use pure NaCl for replacement. Most of the analyses 
recorded above were done with a sample prepared from ordinary rock salt after 
precipitating the bulk of Ca and Mg salts by Na 2 C 03 ; the excess of the latter was just 
neutralized with HOI after filtration. The resulting salt contained about 01 per 
cent. Ca and Mg salts ; these did not afiect the results of mechanical analysis. 

It is a great feature of this method that there are no complicated details 
to be followed. What is required is to replace all or at least a greater part 
of the ions by sodium in the exchange complex. Even shaking for one hour is not 
necessary ; the suspension can be put aside for few hours with occasional shaking. 
There is practically no loss of soil constituents, and a more rational picture of the 
size-distribution of the various particles is obtained than by the acid treatment. 


1 Puri, Amar Kath, and Amm, B. M. Xoc. cit. 
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Sltmmaey. 

1. NaOH and LiOH are mucli more powerful dispersing agents than 

ammonia wbch is almost universaUy employed for final dispersion 
m tae mecaamcal analysis of soils. 

2. A method of prelimmary treatment of the soil for mechanical analysis 

IS outlined, which consists in replacing all the ions by Na in the ex- 
change complex. 

3. The proposed method combines all the advantages of acid treatment 

as reg^ds reproducibUity and attainment of 'maximum dispersion 
and IS free from such objections as the loss of varying amounts of soil 
constituents that is inevitable when the soil is treated with acid. 


MiaPO— M-ni.l^9_29.11-29— 500. 


A STUDY OF THE CAPILLARY RISE OF WATE].i UNJ)ER 

FIELD CONDITIONS. 

. . BY ■ 

ASHUTOSH SEN, M.Sc*, PI 1 .D. 

(Received for publication on 5th August 1929.) 

The earlier workers on this problem were cf the opinion that subsoil water is 
available for crops. Thus Kiug^, HalP, Cameron^, McGee^, Leake^ and others assert 
that there is a large upward flow of water from the subsoil due to capillarity, their 
individual estimates of the depth effective varying from 200 feet to a minimum of 
10 feet. 

On the other hand, Leather*^, Alway*^, Tulaikow®, Mtscherlich^, Burr^^, Eot- 
mistrov^^ and others have stated that the flow is of no practical importance to the 
crop, and modern theory is of the opinion that this rise is so slow that underground 
water could not be raised to the surface foot of soil during the course of one growing 
season. The plant root must go towards the stored water and not the latter to 
the plant root. Keen^^, from a theoretical consideration of the ideal soil, has cal- 
culated mathematically that in the case of a heavy clay the rise of water due to 
capillarity may be as high as 150 feet but this he asserts to be of no avail because 
of the extreme slowness of the rise and of the fact that soil in the actual field does 
not exist in a strictly ideal state. In fact, during the great drought in 1921 when 
the atmospheric conditions of England resembled to some extent those of the tropics 
he^® observed experimentally that the process of drying of the soil did not extend 
below 3 feet during the coui'se of one growing season. 

It is interesting, however, to note the difference of opinion expressed by Leathei-® 
and Alway and Mcdole^^ as to the actual process of capillary rise. The former, 
upholding the view expressed by Briggs^ ^ concerning the movement of soil moist^lb^-- 
from one part to another, states that it starts essentially from the surface ' 

poration takes place during the dry season following the monsoon and tmint 

, ■■■ 

- HaU, A. D. The Soil, 1904, ]>. 94. ' v. 

Cameron, F. K. The Soil Solution, 1911. ; ' y 

* McGee, W. J. C. /S'. Dept A</ric» Bur, Boils But 92 and 93, 

^ Leake, I-I. M. Jour, Agric, Soienee, Vol. 1, 1905-00, p. 454. r 
® Leather, J. W, Jfem. Dept Agric, India^ Ohem, Ber., Vol. 1, 1908, No. G. 

’ Alway, F. J, V, B, Dept Agric, Bur, Plant Indus, But 130, p. 17. 

® Tnlaiow, N. Absiraci in Bum. Jour, Bxp, Landw., t. 8, kinga 6, p. 664. 

® Mitscheriich, E. A. Bodenkunde fiir Land-imd Foitwrite, 1913. p. 136. 

Burr, W, W. Ncbr, Ayr, Expt. Btaty Research But 5, 1914, j?- 88, 

Rotmistrov. The JNiature of Brought according to the evidence of the Odessa Experimental 
Field. 1913, p. 48. 

Keen, B. A. Jour. Agric, Set, Vol. 9, 1918-19, p, 396. 

Keen, B. A. Proceedings aiid Papers of the first luterrKoiional Congress of Soil Science^ June 1927 
Vol. bp. 504, 

1* Alway, F. J., and Mcdole, G. R. Jour, Agric. Res., VoL 9, 1917, p. 27. 
i^Briggg, L, IJ, B, Dept, of Agric, Div, Boil BuUlO, 
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extends to a very limited deptli. The depth, however, will increase with the length 
of the season. 

On the contrary, Alway and Mcdole expressed as follows the deeper subsoil 
moisture will be able to move upwards very slowly and through such a short distance 
in a single season that it will be of no practical value to the plant. Further experi- 
ments extending over a long time are necessary to decide definitely whether the 
deep subsoil may not in a decade or so contribute sufficient moisture to the subsoil 
within the roots of the perennials. 

From the last portion of the remark, it is obvious that Alway and Mcdole are 
thinking of the process of the lifting of water by capillarity as going on deep in the 
subsoil continually without starting essentially from the surface. Owing to great 
variation in climatic conditions, in the nature of the soil as also in conditions of the 
subsoil such as water table, etc., both the opinions expressed above by these in- 
vestigators from the two entirely different parts of the world may be correct, but 
so far as the present work is concerned, the author finds that his results from fields 
which are practically flooded with heavy rainfall in the course of three months 
(during which period the underground water level rises from below 20 feet to within 
ll feetof the surface, Table 11), agree with the opinion expressed by Leather that 
there is no indication of upward movement of water below the limited ’ depth. 
Incidentally it may be mentioned that one of the fields chosen for this particular 
work is the same field from which Leather drew his conclusions twenty years ago. 
Further, Leather made direct observations on moisture, a procedure quite different 
from that employed in the experiments recorded in the present paper. 

In connection with the work on the movement of nitrate in the soil (conducted 
elaborately under the Imperial Agricultural Chemist at Pusa), the author noticed 
that the amount of soluble salts present in Pusa soils to a depth of about 9 feet can 
be very conveniently obtained with a certain degree of accuracy from a measure 
of the electrical conductivity of the aqueous extracts and this incidentally for- 
tunate fact was utilized in conducting the present investigation as a part of the 
main soil nitrate work. 

At any particular depth the amount of tofcal soluble salts in a given volume of 
soil at a particular time is definite, but the amount continuously changes from 
time to time owing to two main factors : one biological, the other the movement 
of water either upwards or downwards. In Pusa soil containing 30 to 35 per cent, 
of Hme, nitrification is found to be one of the chief biological factors. On the 
other hand, it is known that, if water is added to a dry or semi-dry soil, biological 
activities go on very rapidly in the beginning but slow down to equilibrium in the 
course of a few weeks. Now the atmospheric conditions of Northern India are 
such that there is practically a continuous drought for about eight months from 
the middle of October to the middle of June, during which period (Table I) the 
total rainfall scarcely exceeds 3 inches, while in the course of the following three 
months, from the middle of June to the middle of September, there is as much as 



40 to 45 inches of rainfall. Consequently it was thought that sufficient time, say 
a couple of months, should be allowed to elapse after the end of the rainy season, 
so that biological activities in soil might attain equilibrium. It might then be 
possible to trace the moisture movement by measuring the total soluble salts at 
various depths explained below together with the amount of nitrification from 
time to time as the drying season proceeded. 

Expeeimental peocebure. 

In order to understand the principle of the method, it is necessary to refer to 
diagram A. 


Consider a cylinder of soil as it exists in the field, of given cross-section and 
divided into equal depths of 6 inches. Let ns assume that sufficient time has been 
allowed after the rainy season for the biological activities to attain equilibrium. 
If the apparent densities of the soil for each depth are known, the total weight of 
soil in each unit cylinder can be calculated. Similarly the total amount of soluble 
salts in any unit cylinder at any given time can be obtained by determining the 
salt present in a known weight of soil sampled from that unit cylinder. Addition 
of the separate salt figures for each unit gives the total amount contained in the 
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wtole cylinder. Let ns suppose that in an actual experiment on 1st of January 
the total salt content for the first five units (e.c,, down to 2' 6") is 1*234 grams and 
that the amount present in the fifth alone (i.c., 2' 0" to 2' 6^') is 0*213 grams. A 
month later, i.c., on 1st of February, suppose it is found that the amount for depth 
5 {Le,, fifth unit) has fallen &om 0*213 to 0*198. This decrease may be due to 
either of the two causes, viz .^ — 

(1) that moisture has percolated downwards to depth 6 carrying along with 

it soluble salts and that either no moisture has come down from depth 
4 or that which has come down is insufficient to make good the loss. 

(2) that some moisture has moved up from this depth 5 to depth 4 and that 

either no moisture has come up from below or that which has come 
up is insufficient to compensate for that lost. 

It wdll not be difficult to see that the total amount 1*234 grams for the whole 
of the 5 depths will for case (1) be diminished and for case (2) either increase 
or remain the same according as any moisture from depth 6 has moved up into 
depth 5 or not. 

Similarly suppose on the 1st of February instead of a decrease there is actually 
an increase in the amount of soluble salts for depth 5 from 0*213 to 0*228 grams. 
This also may be due to two causes, m.,— 

(1) that some moisture has percolated down from depth 4 to depth 6 and 

that either no moisture has moved downwards from depth 5 or that 
which has gone down is not so much as has come from depth 4. 

(2) that more moisture has come up from depth 6 to depth 5 than has moved 

up from depth 5 to depth 4. 

The total amount 1*234 grams for the 5 depths for case (1) will decrease or remain 
the same according as to whether moisture has moved down from depth 5 or not, 
while for (2) the value 1*234 grams would simply increase. 

Thus we see that an increase or decrease in the amount of total solid of any 
single depth does not tell us whether moisture has moved up or moved down from 
it ; but an increase or decrease in the total amount of soluble saltvS obtained by 
adding up the separate amounts for all the depths beginning from the surface down 
to the depth in question, at once indicates whether moisture has moved up to that 
depth from below or is still draining downwards from it. Henc(^, by keeping a 
record of the total amount of soluble salts for each individual depth, starting from 
the surface from time to time as the drying season proceeds and periodically adding 
up all these values from the top down to any particular depth and comparing the 
two values thus obtained on two different occasions, we can easily see whether 
moisture has moved downwards or upwards during that period from the particular 
depth in question. 

In the actual field, however, as has already been stated, a change in the salt 
content for any particular depth will not be entirely due to moisture movement 
alone but to some extent to biological factory such as nitrification, etc. Conse- 


ASItUTOStt Sim 


225 


quently a determination of the amount of nitrate for each depth is made along with 
the measurement of the total salt content from time to time. This nitrate figure, 
(calcula.ted in the form of Ca{h[ 03)2 since Pusa soil contains an exceptionally high 
percentage of lime), is deducted from the total solid figure in each case to give tha 
amount of solulile salts whose variation may be caused by moisture movement. 
Soil borings in connection with the soil nitrate work were being regularly taken 
from square plots marked out by pegs in several fields and for the present work 
such borings from a fallow and a cropped field respectively were chosen. These 
borings were taken at intervals of three to four weeks and were carried down to 9 
feet divided into 18 depths of 6 inches. The borings on a particular day were taken 
about 2 feet away from that taken on a day 3 or 4 weeks previously. The borer 
was a uniform iron cylinder of about 2-2 inches in diameter and 9 inches long. The 
principle and full details of the borings are given in the paper by Leather. The 
nitrate determinations were made in the fresh soil by the phenol disulphonic acid 
method using Lovibond’s tintometer. A portion of the sample of soil jfrom each 
depth was dried in air at room temperature. It was then passed through a sieve 
of 100 meshes to the inch ; and 100 grams of this sampled soil, correct to the first 
place of decimals, were weighed out and mixed in a bottle with 500 c.c. of conduc- 
tivity water. The mouth of the bottle was then closed by means of an ordinary 
cork coated with paraffin wax, and the mixture shaken vigorously for one minute 
so as to mix the soil and water thoroughly. The bottle was then left in a thermostat 
maintained at 30°C for twenty-four hours. It was necessary to leave the mixture 
in a thermostat since the salt content of the extract was found to be slightly affected 
by the temperature during the period of this 24 hours’ extraction. The Govern- 
ment Chemist^ in the Sudan also noticed a similar effect in the case of Sudan 
soils. The electrical conductivity of the extract after 24 hours’ standing was 
measured by means of metre-bridge and standard resistances. Using Pusa soil, 
it was found that the conductivity of the mixture of soil and water, if thoroughly 
shaken before measurement, was the same as that of the clear extract obtained 
by filtration through a chamberlain’s candle in a Houston pump or of the slightly 
turbid extract got by centrifuging for about ten minutes. During the course of 
preliminary investigations, 100 c.c. of the clear extract obtained by ffitering through 
Houston pump were discharged from a calibrated pipette on to a platinum basin 
dried to constant weight. The extract was then evaporated on a water bath and 
dried (in an oven at 100°0) to constant weight so as to give the total amount of 
soluble salt. It should be noted that special care was required in carrying out 
the evaporation, drying and weighing since the amounts obtained by evaporation 
were so small that perfect accuracy in weight up to the fourth place of decimals 
was found necessary. By taking all possible precautions it was found that the 
graph of percentage of soluble salts against conductivity of the extract was a straight 
line — curve 1 for cropped plot and curve 2 for fallow plot. In this paper all the 

^ The Report of the Government Chemist, Sudan, 1934, p, 23. 
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salt contents of the various depths of soils were calculated by referring the con- 
ductivity of the extracts to either of these curves according to the plots. 

As soil borings for the present work were carried to 9 feet below the surface by 
means of cylinders of 2*2 inches in diameter, we shall consider for the sake of simpli- 
city a uniform cylinder of soil 2*2 inches in diameter and 9 feet long divided into 
18 depths of 6 inches. The volume of each of these depths is evidently 375*5 
cm., and consequently knowing the apparent density of soil at each depth (a record 
of which is kept by the Imperial Agricultural Chemist), the total weight (dry) of 
soil oGcupjing the whole of that depth can be easily obtained. And since the 
amount of soluble salts present in 100 grams of dry soil bored on a particular day 
from that depth is known from the conductivity figure, the total amount of soluble 
salts present on that day in the whole of the soil occupying that depth is easily 
calculated, From the figure thus obtained (Table III for cropped plot), the amount 
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of nitrate as Ca{N 03)2 (Table IV for the same plot) present in the depth on that 
day is deducted to give the amount of soluble salt whose a]tera.tion might be caused 
by moisture movement. Nitrification is considered as one of the chief biological 
activities in Pusa soil, but the amoimt of nitrate (Table IV) that is produced at any 
time below the surface foot is so small that it will not materially affect the results 
and general conclusions, whether it be deducted from the total salt content or not. 
Oonsequently attention is drawn to the fact that though the assumption with regard 
to other biological activities remaining in equilibrium may not be altogether free 
from objection, the very low values of nitrification that were obtained below the 
surface foot as well as the regularity in the content of soluble salts of any particular 
subsoil depth with a distinct tendency to fall with time, lead one to doubt whether 
biological activities in the subsoil are really sufliciently vigorous to change materially 
the total salt content at any time of the year. The slight changes that do occur 
may be due mostly to percolation of the moisture and the consequent washing of 
the soluble materials. 

The depth of the level of the underground water of the Pusa soil from time to 
time as indicated by the level of water in a well situated about 100 yards from the 
fallow plot under investigation is given in Table IL 


Experimental Results and Discussions. 
Results afd Disemsions. 

Table I. 


Rainfall frorn. June 1, 1925, to May 31, 1926. 


Month 

Rainfall 

in 

inches 

Month 

1 

Rainfall 

in 

inches 


Month 

Rainfall 

in 

inches 

June 1925 

%■ 

4-97 

Oot. 1925 . 

0*17 

Feb. 

1926 . 

0*00 

July 

* 

■ ■■# ■ j 

9*10 

Nov, „ , . 

0*17 

Mar, 


0*26 

Aug. 

99 * 

■ ■ m ■ 

! 14*78 

Dec. „ 

0-00 

Apr, 

■ ■if : • 

0*43 

Sept* 

99 ♦ 

w 

16*38 

Jan. 1926 * 

0*86 

May 


0*60 


Total 

• 

45*23 

Totat. 

1*20 


Total 

1*29 


Rainfall from let to 17tli June, 1926— 0*6S inches. 
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Table II. 


Depth of the water level in a tvell situated about 100 yards from the fallow plot. 


Oato 


Depth of 
water 
level 

Bate 



Depth of 
water 
ievei 

20th July 1925 . . 


21' V 

l4th Bee. 1925 . 



18' 9" 

10th Alls?. 1925 . 


20' 10" 

4th Jan. 1926 . 



19' r 

24tli Aug. 1925 . 


18 ' 9" 

1st Feb. 1926 . 



19' 11" 

31st Atig. 1925 . 


16' 2" 

22nd Feb. 1926 



20' 2" 

7th Sept. 1925 . 


11' 11" 

22nd Mar. 1926 



20' 5" 

14th Sept. 1925 , 


10' 11" 

19th April 1926 



20' 11" 

28th Sept. 1925 . . ' . . . 


11' 9" 

17th May 1926 . 



21' 7" 

5th Oct. 1925 . , . 


13' 7" 

14th June 1926 . 



21' 11" 

I2th Oct. 1925 , . . 

. 

15' 1" 

12th July 1926 . 



22'^" 

;2ad Nov.' 1925 . ' . , . 


17' 1" 

26th July 1926 . 



21' 8" 

16th Nov. 1925 , , . . 


17' 9" 

9th Aug. 1926 . 



20' 8" 


Table III. 


Harpur Jilli — Cultivated Plot 

The figures below represent the total soluble salt content (interpolated from 
salt content conductivity curve) present in each depth. The values are for 376-6 
c.c. of dry soil. 
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Table IV. 

Harpur JhiUi — Cidtivated Plat. 

The amount of nitrate in grams calculated as Ca(N 03 )g in soil occupying the 
whole of each depth of 375*5 c. cm. is given below : — 


Depth ' Amount of nitrate in grams on 


No . 

19 - H-25 

17 - 12-25 

8 - 1-26 

4 - 2-26 

25 - 2-26 

25 - 3-26 

24 - 4-26 

20 - 5-26 

17 - 6-26 

1 

■0087 

•0050 

•0014 

•0008 

•0010 

•0013 

•0011 

•0045 

•0095 

2 

*0039 

•0027 

•0009 

•0010 

•0008 

•0012 

•0008 

•0021 

•0051 

3 

•0020 

•0029 

•0015 

•0010 

•0008 

•0011 

•0005 

•0009 i 

•0007 

4 

•0022 

•0032 

•0015 

*0010 

•0009 

•0010 

•0005 

• 0008 : 

•0010 

5 

•0024 

•0033 

•0013 

•0011 

•0009 

•0010 

•0005 

•0006 : 

•0006 

6 

•0020 

•0026 

•0012 

•0010 

•0011 

•0010 

•0006 

•0009 

•0004 

7 

*0018 

•0019 

•0012 

•0009 

‘0009 

•0010 

*0005 

•0008 1 

•0004 

8 

•0018 

•0015 

•0012 

•0011 

•0008 

•0008 

•0006 

•0008 ' 

•0002 

9 

•0016 

•0015 1 

•0013 , 

•0008 ' 

•0008 1 

•0008 

•0006 

•0006 ; 

•0002 

10 

•0017 

•0016 1 

•0013 

•0011 

•0008 

! -0008 

•0005 

•0006 : 

•0002 

11 

•0028 

•0018 i 

•0014 

•0012 

•0012 

•0012 

•0007 

•0012 

•0002 

12 

•0016 

•0019 ; 

*0015 

•0012 

•0010 

•0012 

•0007 

•0010 , 

•0005 

13 

•0019 

•0018 

•0015 

•0013 

•0010 

•0013 

•0005 

•0013 : 

•0013 

14 : 

•0021 

•0018 ' 

•0014 

•0012 

• 00.10 

•0012 

•0005 

•0010 : 

•0001 

15 j 

•0129 

•0019 1 

•0010 

•0013 

•0010 

•0013 

•0007 

•0010 

-0008 

16 

•0063 

•0020 1 

•0016 

•0010 

•0010 

*0013 

•0008 

•0001 ' 

*0008 

17 

•0029 

•0020 = 

•0016 

•0010 

•0017 

•0012 

•0005 

•0008 ' 

*0005 

18 

1 

•002 

•0021 j 

•0010 

•0013 

1 

•0011 

•0011 

•0007 

•0005 : 

•0011 


Table V. 


Harpuf JMJU — Ctdtimted Plot. 

This table gives the total soluble salt contents from which the nitrate figures 
(Table IV), estimated as Ca(N 03 )g, have been subtracted. Only the values for the 
6 feet are given as others are unnecessary. 


Amount of soluble salts in grams on 


24 - 4-26 


20 - 5-26 


17 - 6-26 


•7105 

•2094 

•1951 


•7156 

•2645 

•1828 

•2810 

•3614 

•3457 

•2606 

•2858 

•1659 

•1541 

•2347 

•2686 
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Table VI^ 

Harpur JhUU—OuMvated Plot. 

In this table the figures against each depth represent the amount of soluble 
salts in grams present in the cyKnder of soil of 2-2 inches in diameter and of height 
equal to the distance of the lowest point of the particular depth in question from 
the surface of the field. They are obtained by adding up all the figures in Table V 
beginning from the corresponding depth and going vertically upwards to the first 
depth. That is to say, the first figure *8110 grams against depth 2 in this table is 
obtained by adding up the first figures *2949 grams and -5161 grams against depths 
2 and 1 in Table V. Similarly the first figure 1*0870 grams against depth 3 in this 
table is obtained by adding up the first three figures *2760, *2949 and *5161 grama 
of the first vertical column of Table V and so on. 


Bepth 


Summation totals of salt in grams on 


Ho* in ffc. & in. 

19-11-25 

17-12.25 

8-1.26 

1 4-2-26 

25-2-26 

25-3-26 

24-4-26 

20-5-26 

17-6.26 

1 

if 0 ^ 0 ' r 

•5161 

*5301 

•5410 

^ -5498 

•5714 

•6038 

•6590 

•7105 

•7156 




■1- 

-f 1 

+ 



Hh 

4- 

-f 

2 

0 ' 6 "'—!' 

•8110 

1 -8080 

•8060 

•8037 

-8104 

-8293 

•8652 

•9199 

•9801 




■ ^ 

— 

— 

+ 

+ 

-f- 

. -T' . 

. 4* 

8 


1-0870 

1-0747 

1-0579 

1-0347 

1-0362 

1-0393 

1-0635 

1-1150 

1-1629 




■' ■ ' — ' 

— 

— 

4- 

+ 

■f 

4- 

4- 

4 

1 / 6 "^— 2 ' 

1-4741 

1-4555 

1-4348 

1-4096 

1-3864 

1 1-3910 

1-3937 

1-4219 

1-4439 




— j 


— 

— 

' + 1 

+ 


4- 

5 

2 '— 2 ' O'" 

1-8836 

1-8526 

1-8226 

1-7928 

1-7668 

1-7492 j 

1-7641 

1-7894 

1-8053 




— 


— 

. ' — . 


+• 

+ 

4- 

6 

2 ^ 6^—3' 

2-2802 

, 2-2428 

2-2075 

2-1733 

2-1444 

2-1218" 

2-1170 

2-1374 

4- 

2-1510 

-f 

7 


2-6405 

: 2-5898 

2-5383 

2*4904 

2-4481 

2-4120 

2-4017 

2-3970 

2-4116 

4* 

8 

3' 6 "'— 4' 

2-9996 

2-9306 

2-8691 

2-8340 

2-7681 

2-7253 

2*7082 

2-7002 

2-6974 

9 

4'-- 4' 6 ^ 

3-2765 

3-1733 

3-0921 

3-0425 

2-9637 

2-9U7 

2-8891 

2-8767 

2-8633 

10 

4 / 

3-5152 

3-4030 

3*3030 

3-2378 

3-1475 

3-0823 

3-0498 

3-0317 

3-0174 

11 

5'— 5' 6 '^ 

3-7915 

3-6868 

3-5960 

3-6222 

3-4172 

3-3393 

3-2958 

3-2696 

3-2521 

12 

5 / 

4-0755 

3-9669 

3-8683 

3-7889 

3-6806 

3-5984 

3-5630 

3-5349 

3-5107 













The positive or negative sign below each figure in the table above indicates 
whether the latter is greater or less than the preceding figme in the same horizontal 
line. A positive sign indicates the time when moisture has started coming up from 
the lower depths into the particular depth in question, while a negative sign states 
that moistme is still draining downwards from this depth. 
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Table VII, 


Pot CuUiire House — Fallow Plot, 

Tim table corresponds to Table VI for the Cultivated Plot. 


Summation totals of salt in grams on 


18-11-25 


7-1-20 I 3-2-26 


23-4-20 


10 - 6.20 


1 0 ' 0 "— 0 ' 0 ' 


4404 


-5747 


1’0373 


1'0045 


M363 


M233 


M142 


1-0908 


1-0892 I 1.0921 


1*1053 


1-3690 


1-2526 


1*2418 


1-2278 


1-2063 


1*2099 


1-4586 


1*3805 


1-3461 


1*3323 


1-3178 


1*3105 


1*3141 


1-6200 


1*5542 


1*5332 


1*5093 


1*4924 


1*4769 


1-4574 


14460 I 14404 


1-7828 


1-7063 


1*6844 


1*6583 


1*6304 


1*6170 


1*9590 


1*8791 


1*8503 


1*8260 1 1*8023 1*7794 


1*7466 


1*7268 1.7137 


2*1559 


2*0420 


2*0175 1-9951 1*9717 


1*9353 


1*9186 1.8993 
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Table VIII. 


Harpur Jhilli — Cultivated Plot. 
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From aa examination of Table VI, it will appear that almost all tbe positive 
signs lie on one side and the negative signs on tbe other and that it is possible to 
separate them by means of a curve resembling a stair-case. A curve thus drawn 
as shown in the table clearly indicates the time when moisture from a particular 
depth is moving up into the depth immediately above it. Thus we jSnd that mois- 
ture from depth 4 is moving up into depth 3 towards the latter part of February 
while the same is happening from depth 6 to depth 4 towards the end of March’ 
and so on until we come to the middle of June when the moisture from depth 8 
is just moving up to depth 7. Now the fact that moisture is moving up from 
depth 8 does not necessardy mean that moisture has reached the top. In fact the 
process is so slow as appears from the curve that that moisture will scarcely move 
up to depth 5 by the end of July. By that time the heavy rainfaU due to thS 
monsoon will arrive. Ihe whole system of moisture movement will be altered 
and in place of upward flow there will be a continuous downward movement for the 
next three months. So that it is evident that at the best, moisture from depth 
6, i.e froni about 2 feet 6 inches below, might move up to the surface foot at the 
end of the drying season and afl moisture below that depth for this particular field 
cannot be of utiHty to crops unless their roots go down to those regions Another 
interest!!^ fact is revealed by the curve, mz., that the upward movement of mois- 
ture in these fields starts from the sarface and as the drying season proceeds the 
pr^ess slowly but steadUy extends downwards. This is, of course, in confor^ty 
With Leather s observations. ^ 

It should be mentioned that this particular Harpur Jhilli field was under oats 
which ripened towards the end of February and were harvested late in March 
Now the crop itself must have depleted the top soil of some of its soluble material^ 
and at the same tune must have checked considerably direct evaporation of mois- 
ture from the surface. Both these facts wfll tend to reduce the calculation of the 
distance of the lowest depth from which moisture is just beginning to move up 
towards the latter part of June. Consequently the actual final depth for this 
pa Jcular field instead of being 3 feet 6 inches might have been say 4 feet 6 inchi 
if there were no crop in the field. This is evident from Table VII for the fallow 
plot where moistme is j^t moving up from below five feet towards the end of 
the dry season. But the fact remains the same, viz., moisture below 2' 6" or 3' 
can seldom move up to the surface foot and thus be available for shaUow rooted 
crops Incidentally It may be mentioned that Leather from his moisture deter- 
from this particular faUow plot calculated the maximum S 
wM «t,r up tl, end June and found it to be 
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Conclusions. 


1. Evidence is obtained in this paper, in conformity with the present day idea 
of the capillary rise of water in soil, that the rise is limited to within a few feet from 
the surface. 

2. Moisture below 3 feet can seldom move up to the surface and be available 
for plants unless the roots of the plants themselves go down to these depths. 

3. In Indo-Gangetic alluvium where there is a heavy rainfall of 40 to 45 inches 
in the course of three months and where the underground water-table moves up to 
within 10 to 12 feet from the ground level, the process of upward movement of 
moisture starts from the surface extending downwards although very slowly as the 
drying season proceeds. ^ 

4. Moisture below 6 to 6 feet in these alluvia probably goes on percolating all 
the year round. 

The above work was investigated in conjunction with the soil nitrate — work 
conducted elaborately under the Imperial Agricultural Chemist during the tenure 
of my Post-graduate Studentship at the Agricultural Research Institute at Pusa, 
and I take this opportunity of acknowledging my indebtedness to him and his 
staff for kindly supplementing me with the nitrate and other necessary data. I 
am also much indebted to Dr. B. A. Keen, of Rothamsted, who very kindly went 
through the manuscript and suggested some suitable alterations. My thanks 
are also due to the Department of Agriculture, Bengal, for kindly granting me a 
research scholarship to meet the college expenses during the tenure of my student- 
ship at Pusa. 
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SHiAGE INYESTIGxiTIONS AT BANGALORE 


T. S. KRISHNAN, B.A, 


Assistant to Physiological Chemist, Imperial Departmeiil oj Agneallare. 
(Koceivcd for publication on 33tb November 1920.) 


Object. 


Tlie process of ensilage, though well known to European and American farmers 
for a very long time, is comparatively new to the Indian agriculturists. It has, 
however, been practised on an extensive scale by all the agricultural departments in 
this country for some years. Considerable work has also been done on silage at 
Nagpur,^ Lyallpur^, Piisa^, etc. The Nutrition Section of the Imperial Department 
of Agriculture, being most concerned with the feeding values of the various fodders, 
has conducted several experiments in which the remarkable efficiency of silage has 
been demonstrated^. Though this fact has been established again and again by 
various experimenters, the reason for this efficiency has not been clearly defined. 
The Nutrition Section has found that high digestibility is a characteristic of silage 
rations. Hence this question of the reason for the high digestibility of silage was 
taken up for investigation. 

As a preliminary to that study, it was considered essential to conduct an experi- 
ment on the usual standard lines on ensilage. The following is an account of the 
study of the changes taking place in the various constituents of jowar {Sorghum 
milgare) during ensilage. 


Methob of Experiment. 

For the present investigation the procedure adopted was similar to that employed 
by other investigators, viz,, burying of weighed samples enclosed in loosely woven 


^ Aimett and Padmanabha Aiyar. Mem. Dejji, Agvi. India, Cliem* Ser,, Vol. VIII, No. 19, 

2 Lander and Bhai Balwaiit Singh. Jour, Cevtr. Bur. AnLn, IJmb. and Dairying, India, I,p. 33. 

^ Agri. Bes, Imt, Pma, Bull. No. 182. • 

* Mem. Dept. AgrL India, Chem. Her., Vol. IX, No, 5. Jour. Centr. Bur. Anim, ll'ud). and Dairy- 
ing, India, Vol. JT, p. 31. 
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gunny bags in different portions ot tiie silo during its liJling, and removing and 
weighing the bags as they turn up during the utilization of the silage, samples 
from the bags before and after ensilage being removed and subjected to 
analysis. 

A rectangular pit silo 25 feet long, 16 feet wide and 12 feet deep was selected 
and the Jowar, harvested when the grains were hardening, was chaffed to bits about 
an inch in length and slowly filled in. The filling operation continued from 10th 
to 27th November, 1927. From 19th November, 1927, watering was resorted to as 
the crop was rather drier than seemed desirable for ensilage. The harvesting of the 
crop was always done in the morning and the chaffing and filling was done in the 
evening between 2-30 and 6-30 p.m. After the filling, the pit was levelled and well 
trampled down daily. The weather throughout was bright and sunny except on 
the opening day when there was a slight drizzle. Twelve bags, in four layers of 
three in each layer, were put in at two, five, eight, and eleven feet, respectively, 
from the bottom of the pit, filled with a thoroughly mixed sample of the jouw 
ensiled. Along with the filling of the bags, representative samples for ana- 
lysis were also collected. The positions of the bags are shown in Fig 1., at Bj, 
B 2 and Tj and T^ are the position of the thermometers put in at 4 feet and 
8 feet from the bottom respectively. 

4..-.- —-555 fhet — — — - — — — 
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Recoemng op tempebatoee. 

Temperature readings were taken by using the arrangement shown in Fig. 2. 
It consists of a galvanized iron pipe 1'6 inches in diameter, in which a thermometer, 
jacketed by a stout walled glass tube, fixed to a wooden cork which just passes easily 
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Discussion of temperatuee curves. 

The two curves (Fig. 3) show marked differences ; while the one corresponding 
to the lower level, reaches its maximum temperature of 48‘5°C. on the very next 
day and thereafter registers a steady fall, the other graph, corresponding to the 
higher level, behaves very differently. It registers 42-5’^C. on the first day while 
there is a fall to 41’8*^C. on the next day, and k gradual rise to the maximum of 
43' 8^0., which is much lower than the temperature attained in the lower level. The 
time taken for this rise is nearly three weeks. The temperature there continues 
to remain at or over 43*6'^0. for more than two weeks, after which it begins to fall 
steadily but very slowly. The rate of fall here is considerably less than in the other 
level. 

The higher maximum in the lower level is due to the fact that, owing to the 
insufficient packing leaving considerable air entangled in the material, heating and 
fermentation had been going on apace undisturbed for three days. The presence 
of air enabled the development of a higher temperature, and the delayed putting 
in of the thermometer caused the recording, practically, of only the maximum 
attained. Thereafter a gradual cooling off ensued and the graph shows the same. 

; In the other case, filling was regularly ^going on and from the date of putting 

was also resorted to. The watering enabled a better 
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for taking readings after which it was again let down and the pipe closed up* Read-* 
inys were taken daily. Fig. 3 is a graphical record of the temperature observations. 
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consolidation and consequently a better exclusion of air, resulting in tbe inbibition 
of heating up to a large extent. The maximum was also lowered partly by the 
added water taking up a large quantity of heat to be raised to that, temperature. 
This is further proved by the drop in temperature noted on the next day, which 
must be due to the draining down of the water added on the previous day which 
would absorb a large quantity of the heat generated. The amount of water 
coming down on subsequent days being less, and at a higher temperature, the 
curve remains steady for the next two days and due to the continuance of fermenta- 
tion in the whole mass, begins to ascend slowly. Another factor contributing to 
the rise in temperature is the conduction and radiation from the lower layers, 
which increases with the settling down of the mass in the pit and the consequent 
decrease in the distance between the warmer lower layer and the cooler upper layer 
resulting in a more rapid increase in temperature. This is not seen prominently, 
because, owing to the stoppage of fermentation, cooling is also going on in the whole 
mass. A sort of equilibrium is thus established and hence the curve is nearly 
horizontal — the temperature being steady — ^for a long period of about two weeks. 
This also accounts for the very slow cooling taking place thereafter. The same 
cause— the transmission of a considerable quantity of heat to the upper layers 
— accounts for the more rapid cooling of the bottom layers. 

The character of the silage and the temperature attained agrees quite well with 
the sweet dark brown ” silage of Amos and Williams ^ who noted a temperature 
of 45® to 60® 0. being developed. Excepting at the top of the tower the tempera- 
ture obtained at Nagpur^ was considerably less than that noted in this investiga- 
tion, only one bag registering a temperature of 44-l®0. Lander and Singh® also 
noted lower maximum temperatures. Much higher temperatures were obtained 
in the stack by Woodman and Hanley^. Woodman and Amos® obtained 47*6°C. 
in the tower when sweet’ ^ but not burnt, silage was produced., 

Opening of the sino. 

The silo was opened on 21st January, 1929, on one side. Considerable settling 
had taken place, the level at the top being only 14 feet 3 inches, showing that a 
further settling of 3 feet 3 inches had taken place after the closing of the pit on 27th 
November, 1927. A layer of rotten mouldy silage was found at the top which was 
rejected. Good silage was obtained from 12 feet 9 inches downwards. There was 
also about 9 to 12 inches thickness of material spoilt all round the sides of the pit. 
The sinking of the material in the pit is evident from the fact that bags put in at a 
height of 11 feet from the bottom of the pit were found on removal at a height of 
7 feet 6 inches from the bottom, showing a sinking of 3 feet 6 inches. Bags at 2 


^ Amos and Williams. Jour. Agri. Sci., V 
® Annett and Padmanablia Aiyar^ loo. cit. 

® Lander and Bhai Baiwant Singh, loo. cit. 
* Woodman and Hanley. Joiir. Agri. Bci 
® Woodman and Amos. Jour, Agri. Bci , 
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feet, 5 feet and 8 feet heights initially, were recovered at heights of 6 inches, 2 feet 
and 4 feet 6 inches respectively from the bottom, showing a settling of 18 inches 
to 3 feet 6 inches. 

As each bag was turned out, during the utilization of the silage in the pit, it was 
immediately removed and weighed. The contents was emptied out and the bag 
reweighed, the amount of silage produced being thus obtained. The silage emptied 
out was thoroughly mixed and a representative sample removed^ immediately to 
the laboratory for analysis. 

Quality op silage produced. 

The silage produced was of a remarkably uniform character. Excepting the 
rotten and mouldy silage at the top and sides of the pit, the whole mass had a 
pleasant sweet aroma. The material looked dark brown in colour. Taking all 
the characteristics together, the silage obtained in this investigation might be 
called sweet dark brown.’’ The bottom layers of the pit had the same 
sweet smell and dark brown colour, but had in addition a slightly acidic smell. Even 
for this layer the same nomeneiature could well be applied without any appreciable 
error. That this is the correct nomenclature is proved by the fact that the j)ro~ 
perties of the silage obtained in this investigation agree well with the method of 
filling, temperature attained, and even in the layers formed in the pit as set forth 
in the pamphlet on Ensilage” issued by the Military Grass Farms Department 
based on the work of Amos and Woodman^. The only difference is that while a 
layer of sour silage is said to be found at the bottom of the pit, no such layer was 
noticed, though it must be conceded that the bottom layers were more acidic than 
the top ones. Amos and Williams^ say that ''sweet dark brown” silage is 
produced when the temperature attained is between 45°C. and 50*^0. fn the 
present instance the maximum attained was 43-8°C. to 48*6‘^C. Hence we find a 
close agreement in temperature as well. Thus there is no hesitation in saying that 
" sweet dark brown” silage was obtained in this experiment. 

Method op Analysis. 

The dry matter in the green plant before ensilage, as well as in the silage, was 
obtained by drying down triplicate lots of 300 grm. each, to constant weight in an 
air oven at lOO'^C. and finding the average figure. This was corrected for the loss of 
volatile bases, calculated as crude protein, and volatile organic acids calculated as 
acetic acid. The dried material was finely ground up in a mill and used for all subse- 
quent analyses. The preparation and analysis of the alcoholic extracts for volatile 
bases, amino acids, organic acids^ etc., was carried out according to the modified 
method of Woodman^. The information gained from the bags is given in the accom- 
panying Tables. 

^ Amos and Woodman. Jour. Mm. Agri., London^ 1025. 

« Antos and WMUams, loo, cit. 

Woodman. A§n, Jah XV, p. 0^. 
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Annetf} abd PadBiaimblia Aiyer, loe. cit. 

^ Lander and Bbai Balwaat Singh, loo. cit, 

* Amos and Woodman, Jour. Agn. Sci.^ XV, p, 344, 
'■^,^oted in M. Ami, $fB, 
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Discussion of results. 

(a) Changes in the moisture, dry ^natter and organic matter. Table I contains 
some of the information gained from the bags. It will be seen that the green weight 
of the material ensiled is nearly equal to the amount of wet silage produced except 
in bags 3, 4 and 9. This is in spite of the fact that large Amounts 
of water have been added during ensilage. It is evident, therefore, that the 
sides and bottom of the pit have absorbed considerable quantities of the liquid 
drained down by pressure. The silage produced is generally wetter than the ensiled 
material, only bags 4, 6 and 6 being exceptions, the maximum increase in bag 5 
being 0*7 per cent, above the dry matter percentage of the green crop. The maxi- 
mum decrease in the percentage dry matter of the silage is 6*6 per cent, in bag 4. 
The silage bags which have grown heavier, naturally show a greater loss in the per- 
centage dry matter. 

The loss in the total dry matter on ensilage due to fermentation works out, on an 
average, to only 4-2 per cent. (Table III), when allowances have been made for the 
Toss of volatile bases and volatile organic acids on drying. The magnitude of the 
change introduced by the. correction could easily be gauged by comparing the loss 
of total dry matter estimated by neglecting the corrections which is 9-3 pqr cent., 
with the above figure obtained when the necessary corrections are made. Through- 
out this communication only the corrected values have been used. There are wide 
fluctuations in the dry matter change, from a gain of 4*87 per cent, in bag 9 to a 
loss of 10*58 per cent, in bag 4. Bag 9, however, is seen to behave rather peculiarly 
in all respects and this peculiarity is also shared by bag 7, A satisfactory explana- 
tion, however, cannot be given for these peculiarities. 

The loss noticed here is much less than that obtained at Nagpur^ which is 7*5 
per cent, if all silos are considered and 10*7 per cent, if only pit silos are included. 
The crop ensiled at Nagpur was also Jowar, Lander and Singh^ in the Punjab 
obtained a loss of 15*7 per cent, which is also considerably higher than that noticed 
at Bangalore. The losses obtained at Cambridge^ are also higher, their minimum 
loss being 7*7 per cent, in the case of acid brown silage, the other types giving 
higher losses. But it must be admitted that the ensiled material was absolutely 
different in the experiments at Lyallpur and Cambridge and even the climatic condi- 
tions were entirely different at the latter place. Perhaps these reasons might account 
for the lack of agreement in the figures. The only figure that is near enough to the 
loss obtained here, is that recorded by Ragsdale and Turner of Missouri Agricul- 
tural Experiment Station, for the loss of dry matter by fermentation during ensilage 
of corn, mz,, 4*01 per cent.^ The loss of organic matter follows closely the loss of dry 
matter. The loss noted here is 4*0 per cent, which is slightly less than the loss of 
4*2 per cent, noted above for the total dry matter. 
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(6) Changes in the nitrogenous constituents. Considerable changes take place 
in the proteins of the plant during ensilage. A very important observation is the 
actual loss of crude protein to the extent of 84 per cent. (Table III). Annett and 
Aiyer^ obtain an average loss of 8-9 per cent. Amos and Woodman^ notice a loss 
of 0*6 per cent, to 21 per cent, in the same constituent. The same authors® in a 
study of clamp silage obtain a loss of 9*6 per cent. Woodman and Amos^ obtain 
an average loss of 8*2 per cent, in the case of '' green fruity ’’ silage and no change 
in acid brown ” silage for crude protein. Woodman and Hanley® in their study 
of stack silage noted an average loss of 11*3 per cent. When sugar beet tops were 
ensiled, a loss of 7*8 per cent, was recorded by Woodman and Amos®. The nearness 
of all these figures, obtained in different places, with different crops, and ensiled 
under different conditions, shows that the loss noted in the present investigation 
is about the loss experienced always on ensilage. 

Considerable breaking down of the true protein to the lower degradation products 
as volatile bases, amino acids, etc., takes place, ranging from 7*5 per cent, to 37*6 
per cent., giving an average loss of true protein to the extent of 26*4 per cent, of the 
total original content. (Table III.) This loss is partly shown as an increase of 
33*7 per cent, of amides. These results go to confirm the observation of Amos and 
Woodman"^ that the loss of true protein and the production of amides is a sign of 
good silage. Lander and Singh® have also been able to subscribe to the above 
remark. Annett and Aiyer^, however, could not agree, as they obtained good silage 
without the large loss of true protein and the corresponding increase of amides. 


Table IV, 


Amount of true protein expressed as percentage of crude protein. 


9 f 10 11 12 Average 


OreeaJowwfr 


Table IV shows the extent of the degradation of true protein. The average 
proportion of true to crude protein in the green plant is seen to be 69*94 per cent, 
which is reduced to 56*19 per cent, as the result of ensilage. 


^ Annett and Padmanabha Aiyer, loc. oit. 

2 Amos and Woodman. Jour. AgrL ScL, XII, p. 342. 

* Amos and Woodman, ioc. cit. 

* Woodman and Amos. Jmr, Agri. Seu, XIV, p. 99. 
^ Woodman and Hanley, loc, cit. 

® Woodman and Amos. flow. Agn. ScL XVI, 40( 
^ Amos and Woodman, loc. cit. 

® Lander and Bhai Balwant Singh, loc* oit, 

® Annett and Fadmanabha* Aiyer, loo* oit. 
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Table V. 

Changes in volatile bases and amino acids 


Volatile Bases* 


Amino acids* 


Aspaeatjin 


After 

ensilage 


Before After 

ensilage ensilage 


Before 

ensilage 


Before 

ensilage 


There is marked increase of volatile bases after ensilage. The amino acids have 
also increased but to a much smaller extent. Another important fact is that while 
the volatile bases show a greater increase as we go down the pit, the amino acids 
show an exact reverse of this phenomenon. These observations are in confirmation 
of the results obtained by Lander and Singh. They observed a stoppage of the 
production of amino acids from protein decomposition after two or three months, 
while the volatile bases continued to increase. The possibility of volatile bases 
being formed by the decomposition of amides could not be ruled out either, as the 
upper bags in which the amino acids are high contain less volatile bases while the 
lower ones show a much larger production of the same and considerably less aug- 
mentation of amino acids. There is also the probability of the volatile bases 
being washed down by the draining juice thus depleting the upper layers and 
enriching the lower ones proportionately. The amino acids show no such leaching 


Calcula,ted as omd® protein. 

Xiander and B&ai Balwant l^agh, lob. cit. 
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Prom Table V another very interesting fact will be noted, mz., the practically 
total disappearance of asparagin. Asparagin was estimated/ by boiling the residual 
liquid after the estimation of volatile organic acids, with 10 per cent, of its volume 
of concentrate hydrochloric acid for one hour imder reflux and then estimating the 
ammonia liberated. The fact of the disappearance of asparagin also lends weight 
to the conclusion, that, amides and amino acids, which might at first be formed 
by the decomposition of true protein, are gradually converted to volatile bases. 

Table VL 

Ratio of volatile bases to amino acids before and after ensilage. 


The ratio of volatile bases to amino acids is indeed high in bags 1 to 8 as has been 
observed by all Indian workers^ * ® without in the least affecting the quality of 
the silage. The present work also goes to confirm the above observations. Though 
as shown in the above table the ratio of volatile bases to amino acids is high in bags 
1 to 8, numbers 9 to 12 have a lower value and may be said to correspond to the dictum 
of Amos and Woodman^ to a small extent* But these latter bags can under no 
circumstances be called spoilt silage and hence the nett conclusion is that the English 
observations do not hold good here. The only noticeable difference was that while 
bags 7 to 12 had a sweet smell, numbers 1 to 6 had a slightly acidic smell which was 
most perceptible in bags 1 to 3. So the statement of the Cambridge workers^ that 
a high ratio of volatile bases to amino acids is a sign of spoiling lacks confirma- 

As a of set'e^al experiments conducted by the Nutrition Section with silage, 
it has been noticed that the proteia digestibility is low. This entirely corroborates 
previous work by others. It has also been noticed that a depression of the protein 
digestibility of the plant results by ensilage. A variety of reasons have been attri- 
buted to the low digestibility of the silage protein, but no account seems to have 
been taken of the loss sustained in the true as well as the crude protein during the 
ensilage. The loss noted above must naturally be the most valuable protein since 
it would be the most easily digestible. The loss of the most easily digestible protein 
leaves only the poorer and less digestible portion in the silage. The extensive 

^ Alien, Commercial Organic Analysis^ Vol. VII, p. 237 (revised by Davis). 

2 Annett and Padmanabha Aiyar, loc. cit. 

® Lander and Bhai Balwant Singh, loc. cit. 

^ Amos and W^oodman, loc. cit. 

® Amos and Woodman, loc. cit. B 
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decoMposition noticed in the true protein is also a very important factor in lowering 
the value and digestibility of the residual proteins. Hence the combined effect 
of the above causes might, more than anything else, account for the low digestibility 
of the silage protein. 

(c) Changes in the ether extract During ensilage large quantities of organic 
acids are produced as the result of bacterial activity on the carbohydrates of the 
plant. All these acids, being soluble in ether, are included in the ether extract. 
Hence the increase in the ether extract measures the extent of bacterial activity. 
From Tables II and III, it will be noticed that the ether extract has increased 
enormously, an average increase of 1S8-3 per cent, being noticed. 


Changes in ether extract and organic acids during ensilage. 


Volatile ORaA:Nic 

ACIDS* 


Nok-volatile oHOANra 
ACIDSt 


Total etheb extract 


Green 

Jowar 


Green 

Jowar 


Green 

Jowar 
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of tiie practically complete destruction of non-volatile acids in bags 1 to 6 and 8 comes 
rather as a surprise. This destruction lends support to the suggestion that long 
continued preservation enables the development of volatile organic acids even at 
the expense of the non-volatile acids. But the period separating the unearthing 
of the different layers is not enough to lend strong support to this view. Anyhow 
this peculiarity is similar to the observation of Lander and Singh^. 

Table VIIL 


Ratio of volatile to non-volatile organic adds after ensilage. 


Bag Xo. 

1 

2 

3 

4 ; 

6 

6 

. .| 


a 

9 

10 

11 

12 

Eatio .... 

42-6 

21-2 

16-6 

20*0 j 

1 

40*6 

1 

24-8 

1*4 j 

17-8 

1*1 

' 0*6 j 

0-7 

0*6 


The ratio of volatile to non-volatile organic acids given in Table VIII shows that 
in bags 1 to 6 and 8 the ratio is very high, whereas in bags 7 and 9 to 12 the ratio 
is low. According to the observation of Amos and Woodman^, such high ratios 
indicate spoiling. No sort of spoiling was, however, noticed in this silage, excepting 
a very slight acidic smell in bags 1 to 6. Butyric acid was entirely absent and the 
silage, as has already been stated, was of excellent quality. But Woodman and 
Amos^ have taken care to point out that, though a high ratio of volatile to non- 
volatile organic acids is a sign of spoiling, it is safer to rely on (1) the ratio of volatile 
to non-volatile organic acids, (2) the amount of organic acids and (3) the type of 
volatile organic acids. Now, taking all these into consideration, the present observa- 
tions cannot be held to contradict the observations at Cambridge. Similar results 
to those recorded here were, however, obtained by Annett and Aiyer^ as well as by 
Lander and Singh®. 

{d) Changes in the carbohydrates. The changes Undergone by the carbohy- 
drates might conveniently be considered under the following heads ; — 

(i) Changes in the N free extractives. These should naturally be the heaviest 
losers since the oxidative changes and bacterial activity are dependent on the soluble 
carbohydrates for their progress. The carbohydrates are oxidised to organic acids 
to a considerable extent and partly also to carbon dioxide and water. The organic 
acids may be volatile, as acetic acid, or non-volatile as lactic acid. When sweet or 
acid silages are produced, these acids are present in varying amounts, but the 
presence or otherwise of butyric acid is the main criterion which determines whether 
a silage is sour or not. All these acids are estimated as ether extract, as has already 


^ Lander and Bliai Balwant Singh, loc. cit. 
2 Amos and Woodman, loc. cit. 

* Woodman and Amos, loo. cit. 

* Annett and Padmanabha Aiyar, loc. oiu 
® Lander and Bhai Balwant Singh, loo. cit* 
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been noted. The loss of nitrogen-free extractives varies from 2*1 to 17*6 per cent* 
with an average loss of 9*9 per cent. Annett and Aiyer^ obtained a loss of 13 per 
cent., while Lander and Singh^ noted a much higher loss of 27 to 30 per cent. Amos 
and Woodman® have also obtained losses of 15 to 20 per cent, according as the silage 
was acid brown or ‘‘ sweet.’’ They have obtained very high losses of about 
49*7 per cent, when sour silage was produced in the clamp®. In a study of stack 
silage, Woodman and Hanley^ obtained a loss of about 17 per cent. 

{ii) Changes in the crude fibre. Crude fibre has always been found to be attacked 
by bacteria and broken down to varying extents. Losses in the region of 5 per cent, 
have been obtained by the workers in Cambridge, while higher losses of about 11 to 
16 per cent, in the Punjab® and 2C per cent, in Nagpur®, have been noted. In the 
present case Table III shows an average loss of 1 *8 per cent, only, while individual 
variations are considerable. Some bags have even shown an actual increase, pro- 
bably because of the unsatisfactory nature of the crude fibre determination. Such 
increases have also been obtained by Woodman and Hanley*^. 

{in) Changes in the total carbohydrates. The figures for the losses in total carbo- 
hydrates are far more valuable. They represent the combined losses of fibre and 
nitrogen-free extractives. We have no criterion by which we could say that the 
oxidative or bacterial activity went on at the expense of the nitrogen-free extractives, 
or crude fibre, or to what extent in either case. Hence the combined results have 
better value. The total carbohydrates show a loss of 6*9 per cent, which is consi- 
derably less than the loss obtained by other workers. As has already been noted, 
Amos and Woodman found a loss of 14*7 per cent, when '' acid brown ” silage was 
produced which rose to about 46 per cent, when '' sour ” silage was produced in the 
clamp. Considering these, the losses obtained here are very small The losses 
are only partly accounted for by the organic acids estimated as ether extract. Hence 
there is an actual loss and this is also what others have concluded. 

(c) Changes in the inorganic constituents, A critical and exhaustive study of the 
changes affecting the various constituents was undertaken since much attention 
does not seem to have been paid to this aspect by others. There is a loss of 5*3 
per cent, on the average, of the total ash (Table III) most probably by the carrying 
away of the soluble components by the drainage juices. This is evidenced by the 
fact that the average loss of silica is nil, whilst the soluble ash has disappeared 
to the extent of 8 per cent. Other workers too have noticed slight changes in the 
ash percentages and have ascribed them to the leaching action of the drainage juice. 
The changes have not called forth any detailed remark from them. 


^ Annett and Padmanabha Aiyar, loc. cit. 

^ Lander and Bhai Balwant Singb, loc, cit. 
®Amos and Woodman, loc. cit. 

* Woodman and Hanley, loc. cit. 

® Lander and Bhai Balwant Singh, loc. cit. 
® Annett and Padmanabha Aiyar, loc. oit. 
^ Woodman and Hanley, loo. oit> 


Table IX. 

Changes in the total mineral content of hags during ensilage. 



22-9 20*9 20*5 20*9 23-3 25-1 







256 


SILAGE INYESTIGATIONS AT BAKGALOKE 


An examination of Table IX reveals the fact that P 2 O 5 has been lost to the extent 
of about 9 per cent, and the loss has been fairly uniform in all bags. A loss of 3 to 
4 per cent, of OaOhas also taken place. These two constituents are not afiected 
by leaching to different extents, as the different layers do not show variations in loss. 
MgO behaves somewhat differently since the top bags show no change, while the 
bottom ones show considerable losses which in some cases amount to over a third 
of the total original content. SO 3 alone is peculiar since all bags show a decided 
increase. This shows that some neutral sulphur has been oxidised to sulphate 
during ehsilage. The neutral sulphur probably has been produced by the decom- 
position of proteins which always takes place during ensilage. In these determina- 
tion only the oxidised sulphur was estimated and hence this peculiarity. Potash 
being soluble, one would expect it to be washed down by the draining liquid and 
that is what Is actually noticed. The top bags show a loss while the bottom ones 
show an increase. This is a ty^pical instance of the changes brought about by leach, 
ing. Soda also behaves similarly to potash. 
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To get a better idea of what happens to the water soluble minerals, a study of the 
mineral content of the aqueous extract of green as well as of silage was made. 

The actual extract used was the alcoholic extract, prepared as described, above, 
employed for the estimation of volatile bases, amino acids, etc. The chlorides 
were estimated, in the residue obtained by evaporating off the alcohol from the above 
solution, by the Volhard- Arnold method. In the estimation of the other minerals 
200 c.c. of the alcoholic extract was evaporated to dryness and the residue carefully 
ashed. The ash was taken up in dilute HCl and this solution was employed. The 
usual methods were employed for the various constituents. The analysis is given 
in Table X. 

The above Table contains some very interesting results. It shows that chlorides 
have increased as a result of ensilage, and further the increase is seen to be greater 
in the lower bags than in the upper ones. The last observation falls into line with 
the expectations of leaching already noticed. The behaviour of KgO further 

confirm the washing down hypothesis of the soluble chlorides. They all show a 
considerable increase in the lower bags, while the upper ones show no increase or only 
slight increases. 

The behaviour of the soluble PgOg is rather peculiar. The uppermost bags are 
not much affected, while the lower ones show a practically complete loss of the same. 

The loss of such highly soluble PgOg might possibly dimmish the value of ensilage. 

The oxidation of neutral sulphur already noticed is repeated here in the same 
manner. Here too the increase is more in the upper layers and less in the lower 
ones, as has already been noticed in Table IX. 

Besides these, a very important feature is the development of water soluble CaO, 

While before ensilage this constituent was entirely absent (Table X), after ensilage 
there has been produced lime in this very easily assimilable form. The amount 
thus rendered soluble is in no way inconsiderable. On the average, more than a fifth 
of the total lime content of the resultant silage is in this soluble form. Perhaps 
the rest of the lime of the plant, or a major portion thereof, has been rendered 
more easily available as the result of ensilage. Any such effect must have a very 
high value in the utilization of the silage by the animal. It might be mentioned 
here that, whenever silage has been employed by the Nutrition Section, it has 
invariably beaten all the other fodders in the matter of growth production in * 

young calves. Another point is also the fact that greater water soluble lime has 
been produced in the bags where larger amounts of non-volatile acids have been 
produced. Whether there is any connection and if so, what it is, cannot at present 
be stated. More work is necessary and is in progress here. ^ 

SUMMABY. 

Experiments have been carried out in Bangalore to study the nature and extent * 


of the changes taking place during the ensilage oijowar {Sorghum vulgare). 

The filling of the pit silo employed, and the method of experiment are described. 
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TemperatiU'e changes were recorded by a special arrangement and a graphical 
record is given and discussed. 

Sweet dark brown silage of excellent (Quality was produced* 

The weight of moist silage produced is slightly more than the green matter put 
in because of the large amount of water added. 

The losses in the dry matter and organic matter were considerably less than that 
obtained by other workers in India or England but was in agreement with American 
results. 

A loss of crude protein of about the same order as observed by others was noticed. 

A high ratio of volatile bases to amino acids was noticed in several bags without 
the silage being in the least spoilt. This agrees with Indian results but differs from 
English observations. 

A considerable breaking down of true protein takes place during ensilage. This 
agrees with the conclusions of all workers but those of Annett and Aiyar, 

A practically complete destruction of asparagin takes place on ensilage, 
suggesting the breaking down of amides in the process. 

A high content of volatile acids and a low content of non-volatile acids has been 
noted in the majority of bags. This agrees with Indian observations. The higher 
proportion of volatile acids did not indicate a spoilt silage as has been suggested 
by English workers. Butyric acid was entirely absent. 

Carbohydrates are broken up and oxidised to organic acids but the loss of carbo*^ 
hydrates is less than has been estimated by others. 

There has been a loss in the total and soluble ash and no change in silica. 

PgOg is lost to a considerable extent as the result of ensilage, the water soluble 
portion being practically all lost. 

Though there has been a slight loss in the total lime content, a portion has been 
rendered water soluble. 

The chlorides and alkalis as well as MgO show the effect of the leaching action 
of the drainage liquid. 

There has been an oxidation of neutral sulphur as the result of ensilage. 
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